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Preface 



This book deals with environmental effects on both sides of the border between Bangladesh 
and India caused by the Ganges water diversion. This issue came to my attention in early 
1976 when news media in Bangladesh and overseas, began publications of articles on the 
unilateral withdrawal of a huge quantity of water from the Ganges River through the 
commissioning of the Farakka Barrage in India. I first pursued the subject professionally in 
1984 while working as a contributor for Bangladesh Today, Holiday and New Nation. 
During the next two decades, I followed the protracted hydro-political negotiations 
between the riparian countries in the Ganges basin, and I traveled extensively to observe 
the environmental and ecological changes in Bangladesh as well as India that occurred due 
to the water diversion. 

The Ganges, one of the longest rivers of the world originates at the Gangotri glacier in 
the Himalayas and flows across the plains of North India. Eventually the river splits into 
two main branches and empties into the Bay of Bengal. The conflict of diversion and 
sharing of the Ganges water arose in the middle of the last century when the government of 
India decided to implement a barrage at Farakka to resolve a navigation problem at the 
Kolkata Port. The navigation problem was unique in nature and there was no consensus on 
its causes, which were related to high salinity, heavy slitation, poor navigability on account 
of a large number of sandbars, sharp bends and sunken ships, and the increasing 
frequency and intensity of tidal bores. 

While observing the hydro-political negotiations as well as the effects of water 
diversion, I realized that a multi-disciplinary book addressing the environmental effects 
and implications of water diversion was necessary. The contributors to this book are 
experts in their fields and each has a wide range of experience on the subject. A balanced 
approach is adopted in reporting the environmental changes of water diversion. Deviating 
from the usual focus of reporting only adverse effects, in this book, positive effects of the 
Ganges water diversion is also included. Bangladesh in the downstream reach of the river 
is suffering from low dry season discharge, morphological changes, increased water and 
soil salinity, decreased agricultural productivity, damages to ecosystems, etc. The Hooghly 
Estuary in India is benefited from the diversion in terms of increased growth of flora and 
fauna and the decrease in salinity levels. The adjacent areas upstream of the Farakka 
Barrage suffer from the increased flood and riverbank erosion hazards. 

In addition to a thorough analysis of the environmental effects and implications, this 
book presents three new important issues - risk analysis, vulnerability, and adaptation 
related to water diversion. With the application of statistical theory, it is demonstrated that 
continued diversion of water upstream of the Farakka Barrage put the allocation 
arrangement of the 1996 Ganges Water-Sharing Treaty between India and Bangladesh at 
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risk. A risk analysis of the agreed discharge values was not carried out before signing the 
Treaty. Such analysis is necessary as the occurrence of discharge values is very important 
for water development planning in both countries. Vulnerability and adaptation science 
has undergone comprehensive evolution in recent years especially with regard to climate 
change and variability and in this book these concepts are applied in terms of water 
diversion. Statistical distribution demonstrates how vulnerability has increased with the 
increased chances of the occurrence of low flows. System resiliency has decreased and in 
many cases damages are irreparable. Some autonomous adaptations have taken place. 
Costly planned adaptation measures are also implemented and some are at planning stages. 

This book is a timely contribution to water-related conflicts that are now, generally 
becoming more prominent in the world, particularly in South Asia. In India, a national river 
inter-linking plan is being envisaged, which is comprised of large-scale inter-basin water 
transfer options. Concerns are being raised that the plan, if implemented, would cause 
significant adverse environmental effects in many regions of India and Bangladesh. I am 
confident that the analytical presentations and discussions outlined in this book will be a 
wake-up call to politicians, policy makers, and water engineers in terms of the 
environmental implications of massive water diversions, especially on sensitive 
downstream ecosystems. I hope that the analytical contents of the book will generate 
dialogue around the issues of water diversion and will assist in better environmental 
management. In addition, this book will be of interest to water and environmental 
researchers, lawyers, academia, donors and investors, non-government organizations, and 
water activists of South Asia and beyond. 
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Glossary 



aman a type of rice which is grown in the kharif season. There are two types of aman 

(transplanted and broadcasted) and they are grown in the high lands and low 
lands, respectively. 

aus a rice crop which is planted during kharif-l season in the low lands. 

boro a rice crop usually planted in November-December and harvested in April-May. 

High yielding boro requires irrigation. 

char a sand bar which is formed within a river or estuary. 

cusec cubic feet per second 

ghat a river terminal where people are transported from one bank to the other bank by 

boats/ mechanized ferries. 

kharif a cropping season (April-November). 

rabi a cropping season (November-May). Usually vegetables, pulses and boro rice 
are grown during rabi season. 

Rs. Rupees, the currency of India, Nepal and Pakistan, with a different value in each 
country. 

thana smallest administrative unit in Bangladesh. 

taka name of Bangladesh currency. 
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THE GANGES WATER DIVERSION: ENVIRONMENTAL EFFECTS 
AND IMPLICATIONS - AN INTRODUCTION 

M. Monirul Qader Mirza 

Adaptation and Impacts Research 
Group (AIRG), Institute for Environmental 
Studies (IBS), University of Toronto, 

33 Willcocks Street, Toronto ON M5S 3E8 
Canada 



Water is the most powerful agent in shaping the earth’s surface through the processes of 
rivers, glaciers, ground water, weathering, mass movement, and oceans. Water is also an 
important element that played a pivotal role in the development of the world’s civilizations. 
Since the dawn of civilization, humans have harnessed water in many different ways for 
their physical existence and the sustenance of the environment. They have devised ways 
of capturing, storing, purifying, and diverting freshwater resources to reduce their 
vulnerability to highly variable river flows and precipitation. Early agricultural civilizations 
developed in regions where precipitation and river flows were abundant and could be 
easily and reliably harnessed. Humans extended their river water-based transportation 
systems to sea travel and trade. With the growing need of goods, commodities and a safer 
environment, humans altered the natural hydrological cycle through massive engineering 
projects for water diversion, flood control, urban and rural water supply, hydropower, 
navigation and irrigation. The development of water resources served human societies in 
many positive ways as well as generated adverse effects. This book presents an analytical 
account of the effects caused by water diversions by major engineering works such as 
barrages^ and other structures built on the Ganges River (Figure 1 . 1) in South Asia. 



1.1 The Ganges Basin: Hydro-Meteorological Setting, Limitations and Water 
Diversion 

The Ganges is an international river and its basin (Figure 1.1) is distributed over four 
countries - China, Nepal, India and Bangladesh. The basin area of the Ganges is about 
1 .095 million km^, of which India has the largest share of 79% (see Table 2. 1 in Chapter 2 for 
the details of the distribution). Bangladesh and China each share about 4% of the basin, the 
remaining 1 3% is in Nepal. The river originates at an elevation of 7,000 m in Gangotri on the 
Southern slope of the Himalayas. From its origin, the Ganges traverses South and 



^ A barrage is a gated structure built across a river to regulate water discharge. In South Asia, barrages 
are primarily used to divert water into channels/canals for irrigation and sometimes to facilitate 
navigation. The Farakka Barrage on the Ganges River was primarily built to solve navigation problem 
of the Kolkata Port. 
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South-Eastward in India for about 2,240 km. About 1 8 km below Farakka, India, it forms the 
common boundary between Bangladesh and India. The total length of the Ganges River 
before emptying into the Bay of Bengal is about 2,560 km. About 451 million people 
(estimate based on population census of 2001) in the basin area are directly/indirectly 
dependent on the water and other services of the Ganges River. 
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Figure 1.1. The Ganges, Brahmaputra and Meghna basins (Mirza, 2003). 

The hydrologic cycle and water resources of the Ganges basin are governed by the 
Southwest monsoon. A monsoon is defined as a seasonal shift in wind direction, being 
derived from the Arabic word mausim (season). In a true monsoon climate, seasonal wind 
shifts typically cause a drastic change in the general precipitation and temperature 
patterns. The onset of the Southwest monsoon in the Ganges basin is expected in June or 
July, depending on its location. The onset of monsoon in the Southern tip of the Ganges 
basin is usually in early June, and 1 5^*" July in the Northern boundary of the basin. Semi-arid 
to humid climates occur in various parts of the basin. Mean annual precipitation varies from 
450 mm-2000 mm from West to East. About 84% of the rainfall in the basin occurs in the 
monsoon during June to September. The failure of the monsoon in terms of late arrival and 
less rainfall usually lead to inadequate water supply in the Ganges basin. 

Flow in the Ganges River is highly seasonal. Taking average of seasonal flow at 
Hardinge Bridge, Bangladesh for the pre-diversion period (1965-1974), the dry season to 
monsoon discharge ratio stands at 1 :6 (Mirza and Dixit, 1997). Therefore, the fundamental 
problem of land and water resources development in the Ganges basin arises from the 
highly seasonal nature of the flow in the river. In addition to natural seasonality, expansion 
of irrigation in the upstream basin areas particularly in the Indian states of Uttar Pradesh 
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and Bihar has further constrained water availability in the dry season at Farakka. On the 
Ganges and its tributaries, at least 34 barrages/structures are functional in India and Nepal 
(Table 1.1). The actual amount of water is being diverted through these diversion 
structures are not known. However, as many as 400 lift irrigation points along the Ganges 
in the Indian states of Uttar Pradesh and Bihar siphon off water between 600 mVsec- 
1 , 1 00 mVsec before the river reaches Farakka (Mirza, 2002). Therefore, available discharge 
in the lower reaches of the Ganges River has been declining substantially as evident from 
the measurements taken at Farakka (Figure 1.2). Diversion of water at Farakka through a 
massive barrage has caused a drastic reduction of the Ganges discharge in areas 
downstream of the barrage in India and in Bangladesh in the dry season (see Chapter 2 for 
details). 



1.2 Water Diversion and Dispute Resolution: The Phases of Negotiations 

A water sharing dispute arose in 1951 when India declared its intention to construct a 
barrage across the river Ganges at Farakka, West Bengal. The primary objective of the 
barrage was to divert 1,134 mVsec (58% of the average March to May discharge of the 
Ganges in the dry season) to the Bhagirathi-Hooghly system in order to restore the 
navigability of Kolkata Port (Figure 1.1). The port had gradually lost draft due to heavy 
natural siltation over a long period of time (Abbas A.T., 1 984). Negotiations on the sharing 
arrangements and their implementation, monitoring and augmentation of flow of the Ganges 
at Farakka have been continuing for more than 50 years. This period can be divided into 
eight phases as shown in Table 1.2. Over the protracted period of negotiations and 
diplomacy, the deadlock was broken for several times enabling Bangladesh and India to 
enter into one 5 -year agreement, two short-term memoranda of understanding before 
signing a 30-year Treaty in December, 1 996 (see Annex I at the end of this book). 



1 .3 Water Diversion and Environmental Concerns 

The diversion of the Ganges water at Farakka and upstream is not the only case where 
environmental effects in the upstream and downstream areas were reported. Freshwater is 
being diverted in many areas across the world and caused effects similar to the Ganges 
problem. The downstream effects of the Ganges water diversion include reduced surface 
water and ground water, increased surface and ground water salinity, agricultural loss, 
adverse effects on the ecosystems, changes in river morphology, reduced fishery and 
health effects. Figure 1 .3 shows the linkages between water diversion from the Ganges and 
impacts in Bangladesh. The important environmental effects in the upstream areas are: 
increased navigability for the Kolkata Port; increased fishery in the Hooghly Estuary; and 
reduced migratory fisheries, and increased flooding in the upstream of the barrage. Three 
similar examples of water diversion and consequent environmental effects from other 
regions are cited below in support of the Ganges’ case. 
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Table 1.1. Barrages and other water diversion structures on the Ganges River system in India and 
Nepal 



Barrage/Stmcture 


River/Tributary 


Location 


Maximum Canal 
Capacity (m^/sec) 


Sone 


Sone 


India 

Bihar 


232 


Mohainmedgonj 


North Koel 


Bihar 


85 


Tajewala 


Yamuna 


Haryana 


453 


Dadupur 


Tributary of 


Haryana 


382 


Tons 


Yamuna 

Tons 


Madhya Pradesh 


110 


Kota 


Chambal 


Rajasthan 


* 


Okhla Weir 


Yamuna and 


Delhi 


82 


Dhukwan 


Hindan 

Betwa 


Uttar Pradesh 


* 


Naroa 


Ganges 


Uttar Pradesh 


241 


Lower Sarda 


Sarda 


Uttar Pradesh 


480 


Ramganga 


Ramganga 


Uttar Pradesh 


152 


Kho 


Kho 


Uttar Pradesh 


145 


Ramnagar 


Kosi 


Uttar Pradesh 


74 


Ahsan 


Ahsan 


Uttar Pradesh 


159 


Girija 


Ghagra 


Uttar Pradesh 


675 


Gomti 


Gomti 


Uttar Pradesh 


* 


Rishikesh 


Ganges 


Uttar Pradesh 


481 


Hindan 


Hindan 


Uttar Pradesh 


113 


Parichha 


Betwa 


Uttar Pradesh 


143 


Saryu 


Saryu 


Uttar Pradesh 


360 


Bhimgoda 


Ganges 


Uttar Pradesh 


410 


New Okhla 


Yamuna 


Uttar Pradesh 


242 


Tons 


Tons 


Uttar Pradesh 


21 


Madhya Ganga 


Ganges 


Uttar Pradesh 


245 


Suheli 


Suheli 


Uttar Pradesh 


9 


Mahananda 


Mahananda 


West Bengal 


345 


Bagmati 


Bagmati 


Nepal 


* 


Kamala 


Kamala 


Nepal 


* 


Kankai 


Kankai 


Nepal 


* 


Babai 


Babai 


Nepal 


* 


Baraganga 


Baraganga 


Nepal 


* 


Kosi 


Kosi 


Indo-Nepal border 


425 


Sarda 


Sarda 


Indo-Nepal 


325 


Gandak 


Gandak 


border 

Indo-Nepal border 


443 



* Information is not available. Source: Central Board of Irrigation and Power (CBIP) (1981), 
Barrages in India, CBIP, New Delhi, India. 
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Figure 1.2, Ganges River discharge for March-May during 1949-1988 and 1992-1997 (Mirza, 2002). 

The case of the Aral Sea is one of the greatest environmental catastrophes ever 
recorded. Humans have made use of the waters of the Aral basin for thousands of years, 
borrowing from its two major rivers. The Amu Darya and the Syr Darya rivers have their 
origin in the Pamir and Tienshan Mountains and empty into the Aral Sea where annual 
evaporation is about 1 ,000 mm. Uzbekistan, Kazakhstan, and other Central Asian states use 
water from the two rivers to grow cotton and other export crops in the face of widespread 
environmental consequences, including fisheries loss, water and soil contamination, and 
dangerous levels of polluted airborne sediments. While the sea had been annually 
receiving about 50 km^ of water in 1965, by the early 1980s this had fallen to zero. As the 
Aral shrank, its salinity increased, and by 1 977 the formerly large fish catch had declined by 
over 75%. The declining sea level lowered the water table in the region, destroying many 
oases near its shores (Calder and Lee, 1995; World Bank, 1998). 

When the Snowy Mountains Scheme in Australia was completed in 1974, the 
diversion of water to meet agricultural and commercial interests in New South Wales and 
along the Murray River left very little water for the smaller streams, such as the Snowy 
River in Victoria. As was the practice at the time, there was little consideration of 
environmental needs and, as a result, the habitat and ecology of streams changed 
significantly. Weeds became established under reduced flow conditions and displaced 
natural vegetation, habitats for native fauna changed and the physical structure of rivers 
was altered. Other streams affected by the scheme carry increased flow, with less seasonal 
variation, also causing a change in the riverine environment (Barwon Water, 2001). 
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Table 1.2. Different phases of information sharing, discussions, negotiations, and outcomes 

Phase Issues and outcomes 

Phase I (1951-1970) Formal protest lodged by Pakistan and set the ground for 
information sharing, discussions on respective claims and 
their justifications. Construction of the barrage began in 
1961. 

Phase n (1972-1976) Bangladesh and India signed a 25-year Friendship Treaty 
in 1972 interalia aiming at cooperation in water 
resources development. Construction of the barrage 
conpleted in 1974. The barrage formally commissioned 
in 1975 under a ten^orary 41 -day agreement. Unilateral 
diversion of water began in 1976 by India. The issue was 
raised in the Commonwealth and United Nations (UN) 
by Bangladesh focusing on environmental and human 
cost of water diversion. 

Phase in (1977-1982) Bangladesh and India signed the first water-sharing 
agreement (1977-1982). Inclusion of Nepal as a third 
party was negotiated for augmentation. Proposal and 
counter proposal was tabled for augmentation and 
negotiation ended in a fiasco. The agreement was not 
renewed despite embedded provisions. 

Phase rV (1982-1988) Memoranda of Understanding (MOU) signed in 1982 and 
1985 with slight modifications of the 1977 agreement. 
Negotiations on sharing and augmentation were 
re-opened. The idea of a package deal incorporating all 
regional rivers was floated but did not make any 
progress. 

Phase V (1988-1992) Unilateral withdrawal resumed. Negotiations continued 
but without any result. 

Phase VI (1993-1995) No dialogue between Bangladesh and India. Unilateral 
withdrawal of water continued. The issue was again 
raised in the General Assembly of the UN. 

A 30-year Treaty was signed in December 1996 with 
sharing arrangements significantly different from those 
of the 1977 agreement. Sharing arrangements failed in 
the first year of in^lementation. Indian cooperation for a 
barrage on the Ganges River in Bangladesh was sought. 

Bangladesh is proposing to review the Treaty to modify it 
in accordance with the provisions included aiming at 
inclusion of a “Guarantee clause” similar to that of the 
1977 agreement and a provision for arbitration. 



Phase Vin 
( 2002 - 



Phase vn 
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Figure 1.3. Summary of the effects of the reduced flow of the Ganges River. 

The idea of draining the marshlands of Southern Iraq is not a recent concept. The 
delta/marsh area was probably the first region of the world where humans gained control 
over major rivers. Irrigation and flood protection were vital to the farmers who fed the 
inhabitants of the world’s first known cities built in Mesopotamia more than 5,000 years 
ago. The first major marsh-draining scheme was proposed in 1951 by British engineers 
working for the Iraqi Government. By 1 993, the Iraqi Government was able to prevent water 
from reaching two-thirds of the marshlands. The flow of the Euphrates River has been 
almost entirely diverted to the Third River Canal, bypassing most of the marshes. The flow 
of the Tigris River has been channeled into tributary rivers, prohibiting the tributary water 
from seeping into the marshes. As a result, the environmental effects are thought to be 
irreversible with the disastrous ecological, social and human consequences for the region 
(Pearce, 1993; Gleicke^a/., 1994; Fran, 1994). 



1 .4 Road Map to the Book 

The principal objective of this book is to document environmental effects of the Ganges 
water diversion on both India and Bangladesh caused by major engineering structures and 
other means. The book is divided into 14 chapters on the themes: introduction, hydrology, 
flooding, morphology, salinity intrusion, ecosystems, fishery, agriculture, international 
environmental law, mass media, risk assessment of water availability and sharing. 
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vulnerability and adaptation, augmentation and regional cooperation. Chapter 1 
introduces the background of the problem and its related issues. 

Chapter 2 presents an analysis of effects of the diversion on the surface water of the 
Ganges River system in Bangladesh. Upstream basin is the only source of water for the 
Ganges River system in Bangladesh on which about one-third area of the country is 
dependent. Especially the ecologically sensitive Southwest region of Bangladesh is highly 
dependent on the Ganges flow which it receives through the Gorai-the major distributary. 
Due to upstream withdrawal in the post-Farakka period discharge is the Ganges system in 
Bangladesh has reduced significantly. The analysis demonstrates that in the dry season 
discharge is reduced as much as 50%. Variability of the discharge has increased. Peak 
discharge in the monsoon has also increased. An increase in water levels is also evident. In 
most of the cases, statistical tests applied on the discharge and water levels have 
significant changes. The analysis further illustrates a major change in the discharge slope 
of the Gorai River in the post-Farakka period. 

Chapter 3 presents a case study of the 1998 floods in the Malda District of West 
Bengal, India. It discusses recent morphological changes in the Ganges - upstream of the 
Farakka Barrage and an increased flooding in the Malda District. Various causes of the 1 998 
flood, particularly the role of Farakka Barrage are critically examined. Corrective measures 
are also suggested for flood control including training of ‘Ganges’ River upstream and 
downstream of Farakka Barrage. 

Chapter 4 discusses the morphological changes that occurred in the Ganges system 
in the post-Farakka period. Due to the lack of relevant data, it presents a qualitative 
assessment of sediment storage upstream of the barrage. The impact of sediment storage 
has been assessed from the changes of the downstream planform over the last few 
decades. The Gorai being a distributary, is largely influenced by the discharge, sediment 
transport, and the planform of the Ganges around the off-take. Previous studies and 
analysis of the hydro-morphology suggest that due to the combined effects of the 
morphological development of the Ganges around the off-take, changes of the hydraulic 
regime of the Ganges due to Farakka threaten the existence of the Gorai River in the future. 

Chapter 5 focuses on the empirical analysis of the reduction in water supply in the 
Southwest region of Bangladesh and increased salinity. The Southwest region of Bangladesh 
is largely dependent on water supplied by the Gorai River drawn from the Ganges. The 
empirical analysis demonstrates the relationship between discharge in the Gorai River and 
salinity. The analysis also determines the requirement of flow for the Ganges and Gorai 
Rivers to keep salinity at threshold limits. The results show that in the post-Farakka period 
water availability in the Ganges (subject to the Ganges and Gorai Rivers are hydrologically 
connected) is inadequate to maintain salinity levels recommended for agriculture, industry 
and domestic uses. Salinity levels have also been projected under the Ganges 
Water-Sharing Treaty. 

Chapter 6 outlines the impacts of the Farakka Barrage on the hydrology and fishery of 
the Hooghly Estuary. Construction of the Farakka Barrage on the Ganges River has brought 
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about a significant increase in freshwater discharge in its distributary, the Hooghly 
Estuary. This has naturally resulted in the major changes in the ecology of the estuary, 
causing modifications in the structure of its fishery resources, fishing pattern, and fish 
production. This chapter presents observations on salinity, plankton, bottom biota, fishery 
resource, and fish production in different zones of the Hooghly Estuary in the pre- and 
post-Farakka periods. The analysis has revealed the increased freshwater discharge has 
resulted in a significant decrease in salinity levels throughout the estuary. The freshwater 
zone has now extended to the mouth of the estuary. The true estuarine zone has moved 
seaward and the marine zone has been restricted to the area near the mouth of the estuary. 
This has resulted in major changes in plankton dynamics, sharp decline in the fisheries of 
marine and neritic species in the upper estuary, caused a significant increase in catch of 
Tenualosa ilisha and overall increase in the average annual fish landings from the estuary. 

Chapter 7 focuses on the ecological impacts of water diversion in the Ganges basin in 
Bangladesh. The Ganges basin is composed of a series of inter-dependent ecological 
systems. Its dynamic equilibrium has been changed due to human interventions. The 
decreased flow in the river as well as the increased industrial and agricultural pollutants, 
have degraded the instream ecosystem. The diversion of water has also caused significant 
changes in the floral composition in the Sundarbans mangrove forest, which is highly 
dependent on freshwater supplies from the Gorai River, a distributary of the Ganges. 
During the dry season, the Gorai is often disconnected from the Ganges River resulting in 
no freshwater supplies to the Sundarbans. Increased salinity has constrained the growth, 
survival and regeneration of mangrove plants. Salinity is a critical factor for the growth and 
regeneration of Heritiera fames, and the plant species have already shown a declining 
trend. It is found that productivity of the mangrove ecosystem depends on a dynamic 
balance among freshwater flow, sedimentation, erosion and species composition. 
Restoration of the flow of the Gorai River will maintain the ecological gradient of the 
Sundarbans and ensure habitat diversity. 

Chapter 8 discuses the alternatives in watering the Bangladesh Sundarbans. The 
Sundarbans is the largest mangrove forest in the world and recently declared as a world 
heritage site by the United Nations Scientific, Educational and Cultural Organization 
(UNESCO). The forest receives freshwater from the Gorai system, which is vital for the 
survival of the ecosystem. The chapter contains arguments that the delivery of sufficient 
freshwater to restore and preserve the Sundarbans could probably be accomplished as a 
secondary benefit of large engineering works such as interbasin transfer from the 
Brahmaputra system or upbasin storage in Nepal to augment the dry season discharge of 
the Ganges River. However, formidable technical and social problems will arise in the 
design and implementation of any such schemes. 

Chapter 9 discusses the effects of water diversion on agriculture in the Ganges basin 
in Bangladesh. Agriculture in the basin contributes one-fourth of the gross domestic 
product of the country and supports seasonal employment for a large number of people. 
Climate of the Ganges basin is relatively drier than other major river basins in the region. 
Surface water is crucial to sustain agricultural production as it is characterized by dry 
climate, and a large part of the basin is susceptible to saline water intrusion. Due to the 
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diversion, the saline waterfront has penetrated inland causing a substantial degradation of 
agricultural land. Adverse effects on fisheries are also considerable. 

Chapter 10 examines the international legal aspects of the environmental impacts in 
the Ganges basin in Bangladesh caused by upstream water diversion by India. It compares 
pre- and post-diversion environmental situations in the basin area in Bangladesh and 
documents the principal environmental concerns. It also discusses how similar 
environmental concerns: international watercourses, bio-diversity, climate change, 
wetlands and desertification, etc. are addressed in the global conventions. The near 
absence of the environmental issues in the bi-lateral water agreements between Bangladesh 
and India particularly in the 1 996 Ganges Water Treaty is also demonstrated, and measures 
to modify the 1996 Treaty in the light of international environmental conventions and laws 
are also suggested. 

Chapter 11 highlights how the environmental effects caused by the Ganges water has 
been documented in the print, electronic, and visual media in the co-basin countries. Until 
now, the media has been lagging behind in providing all the information, thus, failing to 
reveal the full picture and extent of the problem arising from the water diversion. The media 
seems to deviate from the root of the problem (i.e. its adverse environmental effects), and 
broadly concentrates on its political aspects. The environmental problems have not yet 
been fully investigated and reported in the media because of the lack of knowledge or 
information received or available to them. Many efforts have been made to resolve the 
Ganges water crisis, but so far no permanent solution has been reached. However, media 
professionals can contribute and facilitate in reaching a feasible solution to the Ganges 
problem, by creating awareness among the common mass, politicians and policy makers 
through creative writings. 

Chapter 12 analyses the vulnerability, adaptation and coping mechanisms people/ 
institutions adopted in the post-Farakka period mainly in Bangladesh. Due to a long period 
of continued diversion of water from the Ganges River in the post-Farakka period, 
vulnerability of the hydro-ecological systems in Bangladesh has increased. The system 
resiliency has significantly decreased. A field survey was carried out to assess the 
magnitude of vulnerability and adaptation in the Southwest region of Bangladesh. The 
results indicate that many farmers switched to the limited ground water exploitation to 
overcome the shortage of surface water. Seasonal agricultural labors switched to other 
kinds of non- formal economic activities. Costly surface transportation is being used as an 
alternative to river transportation during very low flow in the channels of the Ganges River 
system. The analysis shows that adaptation and coping mechanisms are no match to 
overcome the cost of damages caused by the diversion. 

Chapter 13 analyses the risks involved in the water sharing arrangement in terms of 
occurrences of the agreed discharge in the 1996 Ganges Water-Sharing Treaty signed 
between India and Bangladesh. Both countries share dry season (January to May) 
discharge of the Ganges River at Farakka, West Bengal, India. The sharing is divided into 
fifteen 10-day cycles. The Treaty is based on the discharge of the Ganges available at 
Farakka for the period 1949-1988, taking the average discharge values of the periods 
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1949-1973 (pre-Farakka) and 1975-1988 (post-Farakka). Since 1975, however, dry season 
discharge of the Ganges at Farakka has declined due to upstream uses for agriculture and 
economic sectors. In this situation, the likelihood of occurrence of the 1949-1988 discharge 
values has reduced. Statistical analysis has been carried out to examine the probability of 
occurrences and risks of the Treaty discharge values under 1975-1988 condition and some 
discharge reduction scenarios. The results indicate that reductions in the discharge due to 
withdrawal at the upstream of Farakka put Bangladesh and India at a risk of non-availability 
of the shared discharge agreed upon in the Treaty. Failure of the sharing arrangement in 
two out of five years (1997-2001) since the enforcement of the Treaty supports results of 
the analysis. Due to the sharing formula of the Treaty, Bangladesh may be at a greater risk 
than India in future in case of more withdrawal of water in the upstream of Farakka. 

Chapter 14 argues that the benefits accruable from the cooperation in the Ganges 
basin among the co-riparians are positive-sum and win-win for all the participants. The 
available studies on the Ganges-Brahmaputra-Meghna (GBM) regional cooperation 
conducted by BUP-CPR-IIDS process (explained in detail in the chapter), which came to be 
known as Track-II, as well as by others and past efforts by the governmental process, i.e. 
Track-I, have been reviewed to set the background and highlight the possibilities. Both 
prospects of and the constraints on cooperation in the basin have been identified and 
discussed. The adverse implications for Bangladesh of the Indian scheme of inter-linking 
rivers have been discussed. It has been argued that the regionally non-cooperative manner 
in which the scheme is being developed by India can constitute to a new, major setback for 
regional cooperation in the Ganges basin, indeed in the GBM region as a whole. That can 
be avoided only if India takes necessary steps to initiate regional consultations and forge 
regional agreements by making necessary adjustments to the extent that the scheme 
adversely affects other co-riparians. Finally, the point that has been made is in the interest 
of the regional countries whose leaderships should take a more positive attitude and forge 
cooperation taking advantage of the existing and emerging opportunities, rather than 
continue to ignore the opportunities or create additional constraints and let the cost of 
non-cooperation pile up. 
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2.1 Introduction 

The Ganges is an international river shared by China, Nepal, India and Bangladesh. With 
regard to the distribution of the 109.5 million hectares (ha) basin area, India shares 79%, 
Nepal 14%, Bangladesh 4% (this is equivalent to 32% of Bangladesh) and China 3%, 
respectively (Table 2.1). The river has great importance for the socio-economy of the 
co-basin countries. It is estimated that about 451 million people (based on 2001 census 
reports of China, Nepal, India and Bangladesh) are directly or indirectly dependent on the 
Ganges River. 

In the Ganges basin in Bangladesh, regular water supply from upstream is particularly 
needed during the dry season (November to May) for agriculture, domestic, river 
regulation and industrial purposes, maintaining river depths, sustaining fisheries and 
forestry, and keeping in check inland penetration of sea water from the Bay of Bengal. Until 
commissioning of the Farakka Barrage (Figure 2. 1) in 1975, the river was unregulated and 
the supply of water in the dry seasons was adequate. The purpose of the construction of 
the barrage was to divert 1,134 mVsec (40,000 ft Vsec) of water from the Ganges River to the 
Hooghly-Bhagirathi River (Figure 2.1) to make the Kolkata Port navigable (Abbas A.T., 
1984). 

It is claimed that since the commissioning of the Farakka Barrage, the hydrology of the 
Ganges system in Bangladesh has changed significantly. The monsoon discharge in the 
Ganges River increases while in the dry season it decreases (Asafuddowla, 1993). The 
Gorai River (the principal distributary of the Ganges), which used to supply water to 
the Southwest part of Bangladesh, virtually dries up in the dry season. The inadequate 
supply of water in the Ganges system during the dry season has caused significant 
socio-economic impacts through disrupting agriculture, fisheries, forestry, navigation and 
enhancing salinity intrusion further inland from the coast (MOEF, 1995) and also relevant 
chapters in this book. Much of the techno-political debate over the impact of the Farakka 
Barrage on Bangladesh is based on general observations and anecdotal evidences rather 
than sound analyses of relevant data. In order to fill the knowledge gap, this chapter 
examines: 1) the hydrological changes that have occurred in the Ganges system (including 

13 



M. Monirul Qader Mirza (ed.), 

The Ganges Water Dispersion: Environmental Effects and Implications, 13 - 37 . 
© 2004 Kluwer Academic Publishers. 




14 



M Monirul Qader Mirza 



Ganges River and the Gorai off-take) in Bangladesh in the post-Farakka period using 
relevant discharge and water level data; 2) the statistical significance of these changes; 
and 3) siltation in the Gorai River possibly induced by the diversion of water from the 
Ganges River at Farakka using stage-discharge relationship and regression analysis. More 
details on siltation are discussed in Chapter 4. 

Table 2.1. Country- wide distribution of the Ganges basin 



Country/State 


Total 

geographical area 
of country/state 
(10® ha) 


Basin area 
(10® ha) 


Distribution 
(as % of the 
total in 
col. 3) 


India 

Bihar 


17.39 


14.39 




Haryana 


4.42 


3.45 




Himachal 


5.57 


0.44 




Madhaya 


44.34 


19.90 




Pradesh 

Rajasthan 


34.22 


11.21 


79.00 


Uttar Pradesh 


29.44 


29.44 




West Bengal 


8.88 


7.16 




Delhi 


0.15 


0.15 




Sub-Total 


170.62 


86.14 




Bangladesh 


14.48 


4.60 


4.00 


Nepal 


14.75 


14.75 


14.00 


China 


122.20 


4.00 


3.00 


Grand Total 




109.50 


100.00 



Source: Verghese and Iyer (1993). 



2.2 The Ganges Basin: Hydro-Meteorological Setting 

The Ganges is one of the largest river systems in the world. It rises South of the main 
Himalayan divide near Gangotri (elevation 4,500 m) in the Uttar Pradesh, India. The river 
Ganges has different names from its source of origin to the outfalls. From the origin to 
Devaprayag and at one of the outfalls, the river is known as Bhagirathi. Alkananda joins it 
at Devaprayag and the combined stream flows as the Ganga. On its way towards the sea, 
numerous tributaries join the Ganges River from India and Nepal (Figure 2.2). Ramganga 
joins the Ganges just before Allahabad, while the Yamuna joins on its right bank at 
Allahabad. The Chambal, the Betwa and Ken are the principal streams flowing into the 
Yamuna. Various important tributaries join the Ganges between Allahabad and Farakka. 
Tons, Sone and Pun Pun join from the right side while the left side tributaries are Gomti, 
Ghagra, Gandak, Buri Gandak and Kosi. The last four right side tributaries originate in 
Nepal and significantly contribute to the water (7 1 % and 4 1 % of the dry season and annual 
flow, respectively) and sediment discharge of the Ganges. 
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Figure 2.1. The Ganges Basin and the Farakka Barrage. 

The river divides itself into two channels about 4 km below Farakka. The main left arm 
enters Bangladesh about 18 km below Farakka (Figure 2.1) and joins the Brahmaputra at 
Goalundo, while the right arm continues to flow South in West Bengal as Bhagirathi- 
Hooghly on which the Kolkata Port is situated. The Mahananda from the Darjeeling 
District branches into two arms; the right arm joins the Ganga upstream of Farakka and the 
left arm flows into the Ganges soon after it enters Bangladesh. The river divides into two 
channels below Farakka. In Bangladesh, the Gorai River is the main distributary, which 
leaves the Ganges River about 65 km above the confluence of the Ganges and Brahmaputra 
Rivers. 

Throughout the course of the river, the flows of the Ganges jump suddenly from one 
gradient to another because of the physical nature of its basin. From its source of origin to 
Hardwar, it maintains a considerably higher gradient of more than 0.01 1 . From this point, 
the Ganges follows a moderate gradient, say 0.001 to less than 0.00006 in Bihar. Different 
gradients of the river are shown in Figure 2.3. From Hardwar to Farakka, the river follows 
almost equal gradients. 

Like its gradients, the Ganges basin has a diversified climate (semi-arid to humid) from 
the origin to the outfall. The average annual precipitation in the basin is 1 ,070 mm. In India, 
Nepal and Bangladesh, the mean annual precipitations are 908 mm, 1 ,860 mm and 1 ,568 mm, 
respectively. Information on precipitation in the Chinese (Tibetan) part of the basin is not 
available. 
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Figure 2.2. Schematic diagram of the Ganges River System. 

Mean annual runoff of the Ganges River at Farakka and Hardinge Bridge is estimated 
to be 415 X 10^ million cubic meters (mcm) and 352 x 10^ mcm, respectively. These estimates 
are derived from the discharge data supplied by the Indo-Bangladesh Joint Rivers 
Commission ( 1 995) and the Bangladesh Water Development Board (B WDB, 2002). Most 
of the flow occurs during monsoon months (June- September) and the ratio of dry season 
and monsoon flow is 1:6. Flow pattern of the Ganges at Hardinge Bridge for the typical 
water year (1966-1967) is shown in Figure 2.4. Among the tributaries of the Ganges, the 
Yamuna is the most important one and contributes about 52x10^ mcm of water and drains 
about one-third of the basin. Other major important tributaries, the Ghagra (Kamali) and the 
Kosi, drain about 12% and 9% of the basin, respectively. 

Contribution from snowmelt is important for the dry season flow of the Ganges. At the 
high end, it has been estimated that snowmelt contributes roughly 10% of the total flow 
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generated in the Nepalese Rivers (Sharma, 1977; Gyawali, 1989). The Central Water 
Commission (CWC), Government of India (1988), provides a low estimate of annual 
snowmelt volume, 8 1 3 x 1 0^ m^ of water annually. The volume of snowmelt water^ is only 
0.053% of the mean annual flow, indeed a minor contribution (Table 2.2). The CWC (1988) 
estimates are based on a partial assessment and appear to be at low side compared to other 
West flowing Himalayan Rivers. 







2CTO 1CXW c 

Distance frwn moulh (km) 



Figure 2.3. Approximate longitudinal profile of the Ganges River. 

The river carries enormous sediment loads. The China Bangladesh Joint Expert Team 
(CBJET) (1991) estimated the average annual suspended sediment load to be 196 million 
tons, which differs from other estimates. Coleman (1969) estimated that the Ganges River 
carries 479 million tons of suspended sediment annually, while the Master Plan 
Organization (MPO, 1 986) estimated about 212 million tons. The contribution of individual 
tributaries to the sediment supply process is not known. However, it is claimed that the 
Kosi alone contributes 40% to the total sediment load carried by the Ganges (Alford, 1 988). 

The geo-physical behavior of the upstream parts of the Ganges basin distributed over 
India and Nepal is more complex than the lower part in Bangladesh. This is because of the 
complex geological structure of the Himalayas, the numerous smaller tributaries and 
distributaries, variable climates, the variable and complex land use patterns and basin 
denudation processes, the sediment supply and transport processes, and the variable 
nature of human interventions. All these factors influence flooding and droughts in the 
basin. 



* Derived from runoff at Farakka and column 6 of Table 2.2. 
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Figure 2.4. Flow pattern of the Ganges at Hardinge Bridge. 



Table 2.2. Snowmelt contribution in the Ganges systems 



Name of 


Name of 


Location 


Snow melt 


Total average 


Computed snow 


Basins 


Tributary 




area (sq. km) 


snowfall 


melt run-off 










(106m3) 


(90% of Col. 5) 


1 


2 


3 


4 


5 


6 


The 


Yamuna 


Tejewala 


1,980.00 


161.00 


145.00 


Ganges 


Ganges 


Raiwala 


7,965.00 


480.00 


432.00 




Kamali 


- 


8,049.00 


123.00 


111.00 




Gandak 


Treveni 


4,421.00 


92.00 


83.00 



Source: Central Water Commission (CWC) (1988). 

Floods and droughts are very common phenomena in the Ganges basin. The former 
occur because of high and intense precipitation in many parts of the basin, while the latter 
are caused by inadequate precipitation during the dry months. The total flood-prone area 
in the basin in India and Bangladesh is 1 6. 1 million ha and 2.21 million ha, respectively, or 
4.9% and 1 5% of each country, respectively. Information on the Nepalese flood-prone area 
is not available. The basin is highly populated with over 45 1 million people of which 85% 
live in India and 9% in Bangladesh. The density of population (900/km^) in the basin in 
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Bangladesh is almost twice that of India. The large population of the basin largely depends 
on the Ganges River for food and fiber production and the supply of drinking water. About 
64% of the land of the basin is cultivable, with 70% and 56% of the basin areas in India and 
Bangladesh, respectively (Verghese and Iyer, 1993). Because of the physiography, only 
28% of the basin area is cultivable in Nepal. Among other land uses, gross forest cover in 
the basin is 1 9%. Individually India and Nepal have 1 5% and 43% forest cover, respectively 
[GOI, 1990 and His Majesty’s Government of Nepal (HMG Nepal), 1992]. 



2.3 The Data 

The hydrological data used for this analysis have been collected from various sources. 
Annual (hydrological year: April-March) peak and annual mean discharge data (1934-1998) 
for the Ganges River at Hardinge Bridge have been obtained from the Bangladesh Water 
Development Board (BWDB) (2002) and the French Engineering Consortium (1989). 
Although the BWDB (2002) data set contains data until the year 2002, discharge data 
during 1999-2002 was found to be incomplete. Therefore, monthly mean, maximum and 
minimum discharge data (1965-1998) have been derived from the BWDB (2002) daily data 
set. Analysis of annual maximum and minimum, monthly maximum and minimum water 
levels ( 1 965- 1 993) were reproduced from Mirza ( 1 997b). 

For the Gorai River, daily discharge and water level data have also been obtained from 
the BWDB (2002) for the period 1964-1995. Then monthly mean, minimum and annual 
maximum discharge values have been derived. Water level data have been used for the 
development of stage-discharge relationships. 

For the Ganges River at Farakka, monthly and annual mean discharge data ( 1 949- 1 988) 
have been received from the Global Runoff Data Centre (GDRC) (1995), Koblenz, Germany 
and the Indo-Bangladesh Joint Rivers Commission (JRC) (1995), Dhaka, Bangladesh. 
Annual peak discharge data for the Farakka point have been taken from UNESCO (1976a) 
and lAHS (1984). These data sets contain some missing observations. Standard 
procedures were followed to fill in the missing observations. 

One can be reasonably confident that the quality of the data used in this study is high. 
The BWDB data are collected and maintained by standard methods/procedures and were 
used for preparation of the National Water Plan (MPO, 1986), Pre-Feasibility Study for 
Flood Control in Bangladesh (FEC, 1989), various studies of the Flood Action Plan (FAP) 
(1990-1995) and the National Water Plan (2001). Water Resources Planning Organization 
(WARPO) of the Government of Bangladesh carries out studies and planning of water 
resources of entire Bangladesh based on the BWDB data. The data for the Ganges and the 
Gorai Rivers are used in the water sharing negotiations between India and Bangladesh. 
Moreover, as this study has considered mostly monthly and annual mean discharge 
values, the random errors in the daily data have also been averaged. Therefore, the 
uncertainty of the mean flow volumes over longer time periods as used in this study was 
considered to be much less than for the original individual daily values. 
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2.4 Hydrologic Changes in the Ganges System 

This section discusses the results of hydrological analysis^ and statistical tests (Table 2.3) 
applied to detect changes in hydrology in the Ganges system in Bangladesh during the 
post-Farakka period. Five statistical tests (F-test, Student’s T-test, Cramer’s test, 
Kruskal-Wallis test and Mann- Whitney U test) have been applied for the Ganges River at 
Hardinge Bridge and Farakka and the Gorai River at Gorai Railway Bridge. The statistical 
tests are described in Annex 2.1 of this chapter. The analysis includes investigation of 
annual peak discharge, annual maximum water level, annual minimum discharge, annual 
minimum water level, annual mean discharge, monthly maximum discharge, monthly 
maximum water level, monthly minimum discharge, monthly minimum water levels and 
monthly mean discharge. 

2.4. 1 THE GANGES RIVER AT HARDINGE BRIDGE 

Non-homogeneity in the annual peak discharge is evident from Figure 2.5 during the 
post-Farakka period. Such changes can be introduced by a control structure across a 
naturally flowing river. Mean, variance, serial correlation coefficients, skewness 
coefficient, and other parameters may be found unstable (UNESCO, 1976b; Yevjevich, 
1972). 

Possible changes in the peak discharge series have been examined. Pre- and 
post-Farakka mean annual peak discharge is found to be 48,790 mVsec and 54,966 mVsec, 
respectively. This shows that a 13% increase has occurred. The standard deviations of the 
two periods have been calculated as 7,299 mVsec and 11,523 mVsec, respectively. This 
indicates a 58% increase in the standard deviation which has occurred during the 
post-Farakka period. 

Non-homogeneity has been tested in two stages. First, the F-test for checking the 
stability of the variance has been applied and found unstable. Therefore, the t-test has not 
been applied to check the changes in the mean (Dahmen and Hall, 1990). Second, other 
statistical tests confirmed change in the mean of the two peak discharge series at the 
Hardinge Bridge. For comparison, statistical tests have also been applied on the peak flow 
series of the Ganges River at Farakka and the change was found insignificant. This 
indicates that possibly there is no change in the extreme rainfall events in the Ganges basin 
in India and Nepal. Otherwise, signs of change should be evident in the unregulated peak 
flow series at Farakka. Rakecha and Kumar (1994) analyzed trends in the annual extreme 
rainfall events of 1 to 3 days duration over India. Extreme rainfall series at most of the 
stations over the Ganges basin show a decrease. They considered the annual extreme 
rainfall for 3 1 6 stations for a period of 80 years (1901-1 980). Standard statistical tests were 
applied to detect trend and persistence. 



^ A part of the analysis was published in the Hydrological Sciences Journal 42(5), 13-31 
(Mirza, 1997b). Re-analysis was carried out with data sets of extended periods. However, in some 
places of this article the analytical results from (Mirza, 1997b) have been reproduced with the 
permission of the publisher. 




Table 2.3. Results of the five statistical tests applied to monthly and annual hydrologic series of the Ganges at Hardinge Bridge and Farakka and the 
Gorai at Gorai Railway Bridge. 
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Figure 2. 5. Annual peak discharge of the Ganges at Hardinge Bridge ( 1 934- 1 998). The series consists 
of pre- and post-Farakka observations. Horizontal dashed line indicates mean peak discharge of the 
two periods. 

2.4. 1 . 1 Annual Maximum Water Level 

Although changes were detected in the peak discharge, no statistically significant changes 
were found in the annual maximum water levels in the post-Farakka period at the Hardinge 
Bridge site (Mirza, 1997b). This is perhaps due to the adjustment of the river 
cross-sectional area. 

2.4. 1.2 Annual Minimum Discharge 

A significant decreasing trend is observed in the annual minimum discharge. While the 
inter-annual variation is high, the mean has changed by 62%. Statistical tests indicated that 
the changes in the mean were significant. During pre-Farakka period annual minimum 
discharge of 1,297 mVsec was recorded in April 1966. In the post-Farakka period the 
minimum discharge was recorded at 135mVsec in April 1995. 

2.4. 1.3 Annual Minimum Water Level 

The post-Farakka mean of the annual minimum water level decreased by about 1 8%, or by 
112 cm. Figure 2.6 indicates that the situation was in early 1990s was worse than 1976 and 
1977 (within box) when the Ganges water was withdrawn unilaterally. Statistical tests found 
that changes in the mean were significant (Mirza, 1997b). 
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Figure 2.6. Annual minimum water level of the Ganges at the Hardinge Bridge (1965-1993) 
(Mirza, 1997b). Reproduced with the permission of the publisher. 

2.4. 1.4 Annual Mean Discharge 

Statistical tests of the inter-annual mean discharge series do not indicate any increasing or 
decreasing trend. However, while on an annual basis, the regulation has had little apparent 
overall effect on the mean discharge, there are large offsetting changes in seasonal 
discharge. As shown below, during the post-Farakka period, average dry season flow 
(November-May) at the Hardinge Bridge decreased by 35% while the monsoon flow 
(June-September) has increased by 1 1%. 



Period 


Dry 


Mean Flow 






Season 


Monsoon 


Annual 


Pre-Farakka (1965-1974) 


3,114 


22,240 


10,458 


Post-Farakka (1975-1998) 


2,010 


24,062 


10,477 



In the water resources planning in Bangladesh, changes in the seasonal flow are much 
more important than changes in the annual mean flow. For example, a reduced dry season 
flow means disruption in agriculture, fisheries, navigation and the possible extension of the 
saline water front further inland. On the other hand, excess flood water is detrimental for 
kharif (a cropping season spanned over April-November) crops and infrastructures. 

2.4. 1.5 Monthly Maximum Discharge 

Analysis of the monthly peak discharge for the monsoon months (June-September) show 
a maximum 1 3% increase for the August mean peak discharge. The mean peak discharge of 
August increased by 10%. Although the statistical tests found these changes 
insignificant, they may have profound physical implications (in terms of damage) for flood 
management in Bangladesh. The June and July peak discharge decreased by 26% and 4%, 
respectively. 





24 



M Monirul Qader Mirza 



2.4. 1.6 Monthly Maximum Water Level 

Analysis of the monsoon months indicates that the June water level has decreased by 
47 cm. July and August water levels both rose by 12 cm. Statistical tests found changes for 
all months (except June) to be insignificant (Mirza, 1997b). 

2.4. 1.7 Monthly Minimum Discharge 

All seven months of the dry season have been analyzed. Changes in the monthly minimum 
discharge for January to May are shown in Figure 2.7, which shows a drastic decline during 
the post-Farakka period. Statistical tests have found changes in the mean significant. 

Nov Dec Jan Feb Mar Apr May 

%Change -26 -40 -47 -54 -59 -58 -51 

2.4. 1.8 Monthly Minimum Water Levels 

The March water levels have changed by 1 7% preceded by a 14.5% change in February. All 
other dry months have experienced, on average, a 12% decrease. The statistical tests found 
the changes to be significant (Mirza, 1997b). 

2.4. 1.9 Monthly Mean Discharge 

During the post-Farakka period, spectacular changes occurred in the monthly mean 
discharge and their standard deviations. Changes in the dry season flows are more 
pronounced than the monsoon flows as evident from the following: 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
%Change -42 -51 -55 -52 -41 -27 11 5 16 -5 -14 -31 

Among the seven months of the dry season, the decreases in the flows during March 
and April are the worst. For dry season agriculture, February and March are the most 
important months when adequate irrigation is required for the boro (a rice crop usually 
planted in November-December and harvested in April-May) and the rabi (a cropping 
season spanned over November-May) crops. The changes in the January-May flow are 
shown in Figure 2.8. 

Figure 2.9 shows the time-series of the monthly mean flows for February, March and 
April. Sharp changes in flow occurred during the two non- water sharing agreement periods 
(within the box) due to unilateral withdrawal of water by India. These periods were 
1976-1977 and 1988-1996. 

For the Hardinge Bridge site, the Student’s T-test and Cramer’s test detected changes 
for February, March, April and May. The Kruskal-Wallis and Mann- Whitney U tests 
identified changes in the months of the dry season from November to May. All five tests 
found changes in the flow of the five monsoon months to be insignificant. For the Farakka 
Barrage site, statistical tests found the changes for all 12 months to be insignificant. 




Discharge (m3/sec) Discharge (m3 /sec) 
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2. 7. Mean monthly minimum discharge of the Ganges at Hardinge Bridge. 
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Figure 2.8. Mean monthly discharge of the Ganges at Hardinge Bridge. 
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Figure 2.9c. 

Figure 2.9a, b, and c. Monthly mean discharge of the Ganges for February, March, and April. 
2.4.2 THE GORAI RIVER AT GORAI RAILWAYBRIDGE 

During the post-Farakka period, significant changes in the Gorai discharge and 
aggradation of its mouth were reported. By and large, these changes are attributed to the 
reduced supply from the Ganges River (Nishat and Chowdhury, 1 986; Khan, 1 986). Changes 
in the monthly mean and minimum discharge, and possible aggradation in the Gorai 
off-take, are analyzed below. 

2.4.2. 1 Monthly Mean Discharge 

The analysis shows that mean monthly discharge for all months but July decreased 
significantly during the post-Farakka period. For the seven months of the dry season, 
changes in the Gorai River discharge are relatively higher than those for the Ganges River. 
The discharge starts to decrease in October and continues up to April. The worst month is 
April when the discharge decreased by 77%, followed by 72% and 57% for March and May, 
respectively. The December-February change is on average 67% (Figure 2.10). 

As soon as India began diversion at Farakka, the discharges of the Ganges and 
particularly, the Gorai River dropped sharply. In March 1977 discharge in the Gorai River 
came down from a pre-Farakka mean of 190 mVsec to 5 1 mVsec, a 73% decrease, which 
undoubtedly was due to the diversion effect. 
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Figure 2.10. Dry season (November-May) mean monthly discharge of the Gorai. 

After the signing of the 1977 Water Sharing Agreement on the Ganges, the situation 
improved slightly. Since the expiry of the second memorandum of understanding 
(1985 MOU) in 1988, however, dry season flow of the Gorai started to drop sharply once 
again with decreases in the Ganges River discharge. Available data demonstrates that in 
the third week of December 1992, the Gorai River dried up completely. This situation 
repeated in the following dry seasons until the mouth of the river was opened by extensive 
dredging works (see Chapter 12 on vulnerability and adaptation for the Gorai River 
restoration program). Recent hydro-morphological situation of the Gorai River is discussed 
in Chapter 4. 

2.4.2.2 Monthly Minimum Discharge 

The seven months of the dry season show significant changes. The November, April and 
March discharge dropped by 57%, 77% and 72%, respectively. Changes in other months 
are between 57% to 69% (Figure 2.11). 

2.4.2.S Change in the Stage-Discharge Relationship 

In the Gorai River at Gorai Railway Bridge, changes have occurred in the stage discharge 
(Q-H) relationship during the post-Farakka period. Rating curves for three pre- and 
post-Farakka years have been plotted (Figure 2.12). It is evident that there is an upward 
shift in the rating curves for 1984/1985 and 1992/1993 when compared to 1974/1975. Changes 
are more pronounced in the lower tails and the middle sections. The analysis indicates 
aggradation in the Gorai River, and that for a given discharge; water level is now higher 
compared to the pre-Farakka condition. 




Hydrological Changes in Bangladesh 



29 




NOV DEC JAN FEB MAR APR MAY 



Figure 2.11. Dry season (November-May) mean monthly minimum discharge of the Gorai. 
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Figure 2.12. Stage-discharge relationships for the Gorai for 1974/1975, 1984/1985 and 1992/1993 
(Mirza, 1 997b). Reproduced with the permission of the publisher. 
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For a further check regarding aggradation, a possible shift in the relationship between 
peak discharge for the Ganges River at the Hardinge Bridge and that of the Gorai has been 
investigated. Selected periods are 1965-1974 (pre-Farakka) and 1975-1995 (post-Farakka). 
The fitted regression lines are shown in Figure 2.13. Pre- and post-Farakka annual peak 
discharge at Hardinge Bridge explained 57% and 72% of the variation of the Gorai peak 
discharge, respectively. The adequacy of the regression equations was checked. 




Ganges Peak Discharge (ni'/sec) 



Figure 2.13. Regression relationships between pre- and post-Farakka annual peak discharge at 
Hardinge Bridge for the Ganges and Gorai at Gorai Railway Bridge. For the pre-Farakka period, 
y = -846 + 0. 15x (R^ = 0.57, F, ^ = 3.28, p < 0.01 1). For the post-Farakka period y = 1 187.6 + 0.09 lx 
(R2 = 0.72, Fj = 47, p < 0.000002). 

The regression equations clearly demonstrate changes in the slope. During the 
post-Farakka period, the slope has become flatter compared to the pre-Farakka period. This 
means that, for a given peak discharge at the Hardinge Bridge, the corresponding peak 
discharge for the Gorai River is now lower compared to the pre-Farakka period. In the 
post-Farakka period the mean peak discharge of the Gorai River has decreased by slightly 
over 3% (Figure 2.14). This further indicates that the Gorai River is aggrading due to 
sediment deposition, which results from decreasing inflow from the Ganges into the Gorai 
River. 

It may be argued that the reduced discharge in the Ganges and Gorai Rivers might have 
been caused by natural factors. Since precipitation is the main factor that causes 



The adequacy of the regression equations were checked by examining t- values, F-ratios, pattern of 
residual plots and testing normality of the residuals by the Shapiro-Wilk Test (Cook and Wesberg, 
1982). 
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year-to-year variation in the river discharge, a decrease in precipitation in the upstream 
drainage basin in India and Nepal is one possible explanation. Mirza etal (1998) analyzed 
precipitation records for 10 meteorological sub-divisions within the Ganges basin in India 
for the period 1871-1 994 and 66 stations in Nepal for 1 97 1 - 1 990 and could not identify any 
significant increasing or decreasing trend (the only exception is the East Madhaya Pradesh 
which showed slight decreasing trend). Therefore, decreases in mean discharge in the 
Ganges and the Gorai Rivers should not be attributed to precipitation changes. 




Year 



Figure 2.14. Annual peak discharge of the Gorai at Gorai Railway Bridge (1965-1995). The series 
consists of pre- and post-Farakka observations. Horizontal line indicates mean peak discharge of the 
two periods. 



2.5 Conclusions 

The analysis suggest that the diversion of water at the Farakka Barrage has caused 
significant hydrological changes in the dry season discharge of the Ganges system in 
Bangladesh. Flow regulation by the barrage has induced non-homogeneity in the annual 
peak flow of the Ganges River in Bangladesh. The statistical tests found most of the 
hydrological changes significant. The diversion also accelerated the siltation of the Gorai 
River. 

The reduced flow in the Ganges system has potentially wide-ranging socio-economic 
and environmental implications for Bangladesh. For examples, in recent years, extreme low 
flow in the Gorai River in the dry months has appeared to exacerbate the intrusion of saline 
water to the inland-most parts of the Southwest part of Bangladesh (Khan, 1993). 
Reductions in discharge and water quality have significant implications in a number of 
sectors in Bangladesh and are discussed in Chapter 4,5,7, 8 and 9. 
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Annex 2.1. Statistical Tests Applied for the Analysis 



The parametric Student’s T-test has been applied only when the variance is found stable 
(Dahmen and Hall, 1990). The purpose of selecting non-parametric tests is that in many 
cases parametric tests cannot identify the changes (Sprent, 1989). Null hypothesis and 
alternative hypothesis have been formulated. Data normality has been checked by 
applying Kolmogorov-Smimov one sample test (Essenwanger, 1 985). In two cases, monthly 
maximum water-level for July and monthly minimum discharge for January have not found 
to be normal. Therefore logarithmic transformation has been made. Critical values for 
two-sided probability have been used in all the five tests with 0.05 significance level. The 
five statistical tests applied in the analysis are described below. 

(i) The F-test (Dahmen and Hall, 1 990 and UNESCO, 1 976b): This test is applied to check 
stability of the variance. The test statistic is 




2.1 




where X- is the observation, n is the total number of data in the sample. The null 
hypothesis is that variance of the splitted sample are equal. 

(ii) Students t-test (Salas et al, 1980): The classical ^-statistic is used for testing whether 
the difference in two means and X 2 for the period 1 and 2 is significant, that is 




with 



= 
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Null hypothesis is rejected if | ^ | > -\-ri 2 — 2 



(iii) Cramer test (WMO, 1 966). This test is applied to examine the stability of a record in 
terms of a comparison between the overall mean of an entire record and the means of certain 
parts of the record. 



To apply Cramer’s test, let x and S be defined respectively as the mean and the 
standard deviation of the entire record of N observations. That is, let 



X = 




- 

y 




2 



-W 



2.5 



2.6 



Further, let x^ be defined as the mean of the sub-period of n values, to be compared with 
X, namely 



k+n 



i = k+\ 



n 



2.7 



Defining 
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x,-x 
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n(N-2) 
N-n(l + T^^) 



0.5 






2.8 



2.9 



The statistic f ^ is distributed as “student’s” t with (N-2) degrees of freedom. This test can 
be repeated for any desired number and choice of sub-periods in the whole record. 



(iv) Kruskal-Wallis test (Coshall, 1989). This test is applied for determining equality of 
sub-sample means. For this test the time series data is divided into m sub-samples with 




34 



M. Monirul QaderMirza 



lengths flj (j = 1, 2,..., m) and R.j is the rank of the ith observation of the yth sub-sample in 
the ordered complete sample. The test statistic is 



H = 



12 






iV(iV + l)^ n, 



-3(7V + 1) 



2.10 



where, R\s the total ranks in the yth sub-sample, i.e. R. = Z R.j, and N= 
sample size. 




is the total 



When ties are involved in the ranking procedure, H is divided by: 



1 - 



n"-n 



where T=f-t and t is the number of tied observations in a tied group of scores. 



Under the null hypothesis, for larger n . the statistic follows the Chi-square distribution with 
(m-1) degrees of freedom. 



The Kruskal- Wallis test can also be used for multiple comparisons. Dunn (1964) offered a 
method of conducting multiple comparisons associated with the Kruskal- Wallis test. By 
this method it is concluded that the effects of treatments U and V, denoted by and are 
unequal if: 









N(N-hl) 

V 12 




2.11 



where 



fi= 



a 



m(m - 1) 



is a standard normal variable. 



If the m sample sizes are equal n=n^ = small n it is decided that 

the treatment effects of and are unequal if \(R^ > y (a, m, n). For larger, but equal 

sample sizes. Miller (1966) suggested that ^ if: 



\(K A)l ^ "*) 



m(nm + 1) 
12 



2.12 



where q (a, m) is the upper a percentile of the m independent normal variables. 
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(v) Mann-Whitney U test (Kite, 1988; Essenwanger, 1985). This test is suggested for 
determining progressive change in the mean value with time. If two sub-samples are not 
well mixed and the entire sample is ranked, the elements of one sub-sample display 
relatively low rank numbers while those of the other display relatively high rank numbers. 
The test statistic U, reflects the low value arising when the sub-samples are not well mixed. 
Therefore, if the observed U value is less than a certain critical value C/ the hypothesis 
that there is no location difference between the sub-samples is rejected. 



The test statistic is calculated as the smaller of and where 

TT «l(«i+l) „ 

U, ^ 

and 



2.13 



1/2 - 

= size of the first sub-sample, «2 = size of second sub-sample, = sum of ranks 
attributed to members of the first sub-sample in the ranks total sub-sample. 

When both sub-samples are larger than 20, U is approximately normally 

distributed with mean and standard deviation / n^n^(n^+ ^ 2 + 1 ) 

V 12 

The test statistic Z is calculated as: 



Z = 



u- 



n,«2 («i+ 



12 



2.14 



The Mann-Whitney test is based on a continuous distribution and if tied observations are 
encountered a correction must be made. If t is the number of observations tied for a given 
rank and T = - i) then the Z statistic is 



n.n^ 

U- 



n.n 



\'-2 / N^- iV_ 



N(N+l) 






2.15 



where N= and ^7^ is the sum of Ts over all groups of tied observations. 
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3.1 Introduction 

The Farakka Barrage (Figure 3.1 and Box 3.1) was constructed in 197 1 across the mighty 
river Ganga (Ganges) to divert part of the main river flow from Ganga to its tributary, the 
Hooghly (Figure 3.1). With gradual silting of the Hooghly off-take near Jangipur in the 
Murshidabad District of West Bengal, upland discharge to the Hooghly was being reduced 
drastically (Mookerjea, 1974). The problems of the Hooghly are high salinity, heavy 
siltation, poor navigability and the increasing frequency and intensity of tidal bores (Abbas 
A.T., 1984). Depth of the Hooghly was reduced due to the deposition of sediments carried 
by the high tides from the Bay of Bengal. Accelerated sedimentation, usually observed in 
the zone of saline and freshwater interface, has very high spatial and temporal variation. 
Annual dredging costs increased to Rs. 3 15 million (unadjusted) in 2001 fromRs. 75 million 
in 1973 to permit the navigability of the river where the port of Kolkata is situated (The 
Hindu, 2001). Model studies at Central Water and Power Research Station (CW and PRS), 
Pune, as well as at River Research Institute, West Bengal, were carried out to determine the 
amount of Ganga flow that must be diverted to the Hooghly for flushing out the sediments 
and restoring its navigability. From these model studies as well as some analytical studies 
conducted by the hydraulic experts Dr. Hansen from Germany and Engineer Joglekar from 
India, it was finally decided to divert 1,134 mVsec (40,000 ftVsec) of flow. Accordingly, the 
Farakka Barrage and the feeder canal linking the Ganga with the Hooghly River were 
constructed at an approximate cost of Rs. 2,000 million (1971 price). 

Before 1971, the main flow of the Ganga between Farakka and Rajmahal (Figure 3.1) 
was more or less straight. After the completion of the barrage, the Ganga River upstream of 
Farakka started shifting gradually towards the Eastern bank towards Malda due to the 
deposition of sediments on the Western right bank. With the Farakka Barrage at the center. 



' This Chapter was presented in the 8th ICID International Drainage Workshop held in New Delhi, 
India during 31 January-4 February, 2000. Re=printed with the permission of the International 
Commission on Irrigation and Drainage (ICID). During the editing process some additional 
information has been incorporated where necessary. 
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Figure 3.1. Map of Malda District. 



the river is developing a typical meander pattern. Upstream of the barrage, it is meandering 
towards Malda. Downstream of the Barrage it is meandering towards Murshidabad on the 
opposite Western bank. Being located on the outer side of the meanders, both districts of 
Malda (upstream) and Murshidabad (downstream) are subjected to devastating erosion 
(Bandyopadhayay, 1999; Lok Sabha Proceedings, 2003). Both the districts have highly 
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fertile agricultural lands and are considered to be granaries of food for West Bengal. Apart 
from the loss of these agricultural lands due to erosion, there are also occasional floods 
that cause damage to the standing crops. In August 1998, the river breached the marginal 
and afflux embankments upstream of Farakka Barrage causing a disastrous flood in the 
Malda District. About 2. 1 million people out of a total population of 26 million in the district 
were affected. It also inflicted significant human and economic damage (Section 3.2). 



Box 3.1. Salient Features of Farakka Barrage 






Length of the barrage 


- 


2,246 m 


Design flood discharge 


- 


70,930 mVsec 


Maximum flood level (u/s) 


- 


26.1 m 


Maximum flood level (d/s) 


- 


25.6 m 


Bed slope of river 


- 


1 in 21,000 


Clear waterway 


- 


1,995 m 


Total nos. of spillway gates (10.3 mx 6.1 m) 


- 


84 


Total nos. of river sluices (10.3 m x 7.625 m) 


- 


12 


Total nos. of scouring sluices (10.3 mx 7.625 m) 


- 


12 


R.L. of spillway crests 


- 


15.86 m 


Pond level of Farakka reservoir 


- 


21.9 m 


R.L. of sluice crests 


- 


14.03 


Total catchment area of the Ganga River u/s of Farakka 


- 


1,051,404 W 


Average annual runoff at Farakka 


- 


1,082,946 mcm 


Average annual sediment load at Farakka 


- 


1,667 X 10® tons 


Length of Feeder canal 


- 


26 km 


Length of marginal embankment 


- 


25 km 


Length of afflux embankment 


- 


25 km 


Total number of spurs on marginal embankment 


- 


24 nos 


Plan view of Farakka Barrage showing the Weir bays. 


river sluices, under sluices 


and Western Feeder Canal is given in Figure 3.2. 







The main objective of this chapter is to analyze the various causes of the 1998 flood in 
Malda and examine the particular role that the Farakka Barrage played in this disastrous 
flood. In recent years floods have become an important natural hazard in West Bengal (Box 
3 .2). It is of utmost importance to control the river Ganga both upstream and downstream of 
the barrage to arrest erosion. Otherwise, the river may outflank the barrage upstream to join 
Mahananda River, which will wash out a large part of the Malda District, National Highway 
No. 34, and the railway linking Northeast of India with the rest of the country. Similarly, 
uncontrolled erosion on the downstream side of Farakka may result in the destruction of 
the feeder canal, national highway and the railway. It will also affect the Ganges which joins 
the Hooghly River, and will cause a disaster for West Bengal and Bangladesh. Considering 
the national importance of the project, it is desirable that the Central Government, which is 
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maintaining and operating the barrage, should take responsibility^ of training the river 
upstream and downstream of the Farakka Barrage. 



Box 3.2. Flood problem of West Bengal 

West Bengal has 37,660 km^ of flood-prone area spread over 111 blocks, while 
the total geographical area of the state is 88,752 km^. An analysis of the statistics 
of flood that occurred during 41 years (1960-2000) shows that in only five years 
the state has not faced severe flood (Table 3.2). The total devastated area 
exceeded 20,000 km^ in 4 different years and a flood of medium magnitude 
(between 2,000 km^ and 10,000 km^) occurred on 15 occasions. 



3.2 Brief Description of the Flood 

On July 21,1 998, the newly constructed fifth retired embankment near Gopalpur village in 
the Manikchak sub-division of Malda (Figure 3.1) was breached resulting in the flooding of 
several blocks in Manikchak. There was a heavy rainfall in the catchment areas of West 
Bengal between Ganga and Mahananda. The recorded maximum rainfall was 418 mm in 
48 hours (August 24 and 25, 1 998). Water levels in both the rivers Ganga and Mahananda 
(Table 3.1) (Rupantarer Pathe, 1998) were steadily rising. 

On August 25, the afflux bundh was breached near the village of Narasinghkuppa in 
the Malda District. Due to the above breaches, the swollen Ganga waters entered the 
Malda District. Due to the rise in water levels in both Mahananda and Ganga 
simultaneously, there was drainage congestion. The tributaries (Fulahar, Kalindri, Pagla, 
etc.) of the river (Figure 3.1) did not perform their intended task. Instead of draining the 
runoff from the intervening catchment, they started carrying the floodwaters of the Ganga 
and Mahananda Rivers to Malda. The standing depth of water from August 25 to 
September 13 varied from 2 m to 5 m. Damages had occurred earlier due to the breach in 
flood embankments, especially in 1996. But the flood damage of 1998 was unprecedented. 
It affected 2.1 million people in the Malda District, 450 people died during and after the 
flood, 250 cattle were lost, 200,000 houses were totally destroyed, 150,000 houses were 
damaged, and standing crops in 150,000 hectares were destroyed. The estimated cost of 
damages of the 1998 flood in Malda was about Rs. 10,000 million (about US$ 250 million at 
1998 price). 



^ The Central Government of India has recently stepped up and allocated some resources for 
undertaking erosion control measures. More on this issue is discussed in Chapter 12 on vulnerability 
and adaptation. 
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3.3 Causes of Flood and Role of Farakka Barrage 

3.3.1 RISEINfflGHFLOODLEVEL 

The principal cause of the 1998 flood was the unprecedented rise in high flood level 
upstream of the Farakka Barrage (Table 3.1), and the consequent breaching of the flood 
embankments. The peak discharge in the river Ganga was 75,929 mVsec, which exceeded 
all previous records (MWR, 2000). The recorded highest flood level in the Ganga was 
26.656 m on September 7 (compared to the designed maximum permissible R.L. of 26. 1 m). 
Afflux and marginal embankments are designed for a maximum afflux of 0.5 m, i.e. the 
difference between the highest flood levels at upstream (26.1 m) and at downstream 
(25.6 m). The actual afflux in 1998 was approximately 1 m (26.565 m-25.600 m) i.e. 0.5 m higher 
than the design afflux. An afflux occurred due to the lateral and vertical constriction of 
waterways in the barrage and the consequent head losses upstream and downstream of the 
structure. Had there been no barrage, there would have been very little afflux. 

3.3.2 UNOPERATIONAL SPILLWAY GATES 

It is reported that a large number of spillway gates on the left bank (Malda side) are 
non-operational due to heavy siltation on the left side of the barrage upstream. As the river 
swings from left to right towards the feeder canal (Figure 3.2) upstream of the barrage, the 
left side of the barrage (on the inner side of the bend) receives the sediments. Figure 3.2 
shows the shoaling immediate upstream and downstream of the barrage and the course of 
the mainstream in the vicinity of the barrage. The more the number of gates become 
non-functional, the more of the will of waterways will be contracted, resulting in more head 
losses and greater afflux upstream. 

3.3.3 DEPOSITION OF SEDIMENTS UPSTREAM OF BARRAGE 

The average annual incoming sediment load that the Farakka withstands is estimated to be 
1,667 X 10^ tons. Before the barrage construction, these sediments used to pass 
downstream. After the barrage construction, however, most of the incoming sediments are 
deposited in the reservoir upstream due to the backwater effect. Although there are 12 silt 
excluders and 12 river sluices near the head regulator (Figure 3.2), their effect is limited to a 
very small reach near the barrage. As a result, vast amounts of sediments are deposited 
every year upstream beyond the area of influence of the sluices. In the dry months, the flow 
available after diversion is insufficient to flush out the sediments deposited upstream. It is 
natural, therefore, that the bed level of the Ganga River has risen upstream of the Farakka 
Barrage, resulting in a further rise in the High Flood Level (HFL). Like all other barrages 
(CBI & P, 1989), the Farakka Barrage has caused aggradation of the river upstream of the 
barrage, requiring protection of the bank through construction of the embankments. Both 
the marginal and afflux embankments (upstream of the Farakka Barrage) were constructed 
to protect the Malda District from the aggravating Ganga River floods. Since the district 
Malda lies towards the downward slope at a lower elevation, being located on the outer 
(concave) side of the meandering river, the marginal embankment is subjected to erosion 
action of the river. 
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Table 3.2. Area flooded and years of occurrence in West Bengal 



Flood Affected Area (km"^) 


Flooding Year 


Total No. 
of Years 


Below 500 


1985, 1989, 1992, 1994 and 1997 


5 


Between 500-2,000 


1962, 1963, 1964, 1965, 1966, 1972, 
1975 and 1996 


8 


2,000-5,000 


1960, 1961, 1967, 1969, 1970, 1974, 
1976, 1980, 1981 and 1982 


10 


5,000-10,000 


1973, 1977, 1993, 1995 and 1998 


5 


10,000-15,000 


1968, 1979, 1983, 1990 and 1999 


5 


15,000-20,000 


1971, 1986, 1987 and 1988 


4 


Above 20,000 


1978, 1984, 1991 and 2000 


4 



Source: Government of West Bengal, 2003. 




Figure 3.2. General layout of the Farakka Barrage and shoaling. 



3.3.4 DRAINAGE CONGESTION IN MALDA BASEvf 

The normal mean monsoon rainfall in the Malda District is about 1,115 mm. In 1 998, the total 
rainfall during the monsoon months was 1,321 mm (206 mm above normal rainfall). The 
highest intensity of rainfall was 418 mm in 48 hours during August 24-25, 1998. The runoff 
resulting from the rainfall in the catchment area lying between Ganga and Mahananda 
(Figure 3.1) is usually drained into the Ganga and Mahananda Rivers through their 
tributaries Fulahar, Kalindri, Pagla and other drainage channels. Due to the simultaneous 
rise in water levels in Ganga and Mahananda (Table 3.1), there was drainage congestion. 
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Instead of draining the runoff from the catchment area, these tributaries were carrying the 
floodwaters from Ganga and Mahananda in the reverse direction due to the absence of 
sluice gates at their outlets. The combined flood flow of the rivers and the natural runoff 
from the intermediate catchment caused the disastrous flood, which lasted for about two 
weeks (August 23 -September 13, 1998). Until the flood levels in the Ganga and Mahananda 
were lowered and the tributaries and drainage channels started normal functioning, almost 
the entire district of Malda was submerged with flood waters having depths varying from 
2 m to 5 m. 

3.3.5 MEANDERING OF GANGA UPSTREAM AND DOWNSTREAM OF FARAKKA 
BARRAGE 

Being in the alluvial flood plain with a mean peak flow of 56,543 mVsec and a bed slope of 
1 in 2 1 ,000 (Figure 3.3), the Ganga has been a meandering river (Valentine and Shakir, 1 992). 
It is reported to have caused erosion of both of the banks even in the pre-barrage stage. 
However, the stretch of the river in between Rajmahal and Farakka was more or less straight. 
After the construction of the barrage several Chars (sandbars) have formed upstream of 
the barrage owing to deposition of the sediments in the backwater reach. Bhutni Diara 
(Figure 3. 1) is one such Char formed near the confluence of Fulahar with Ganga upstream 
of Rajmahal. The main Ganga has now shifted towards the Western side of Bhutni Diara 
forming a meander. Since this meander is towards the right bank, the following meander is 
on the left side towards Manikchak/Malda. A meandering river erodes the bank on the 
outer (concave) side of the bend and the eroded materials are deposited on the inner 
(convex) side (Garde and Raju, 1985). Figure 3.1 shows that a new Char is forming just 
upstream of the barrage in the inner (Western) side of the river. With the Farakka Barrage at 
the center, the river Ganga is developing a new meander (Mazumder and Sen, 1991) with 
Malda on the outer side of the upstream bend and Murshidabad on the outer side of the 
downstream bend. It is mainly due to this meandering tendency (Mazumder, 1993) of the 
river that the districts of Malda and Murshidabad in West Bengal have been subjected to 
the unprecedented erosion after the barrage construction. Unless the growth of the new 
Char just upstream of Farakka is arrested (either by dredging or by flushing), the river 
Ganga will move further towards the Malda side by eroding the banks and the 
embankments. 

3.3.6 BREACHING OF MARGINAL AND AFFLUX EMBANKMENTS 

As shown in Figure 3.1, marginal and afflux embankments were constructed on the left bank 
of the Ganga River in order to protect the lives and life and properties of the people living 
in the Malda District. But the embankments have been breached almost every year due to 
the erosive action of the river in its meander reach. So far five retired embankments have 
been constructed near Manikchak around the breached bank. Also, 24 tranverse spurs 
have been constructed for the safety of the marginal bundh (Figure 3.1). Four spurs 
(Nos. 18, 19, 20 & 24) were damaged during the July 1998 flood and the fifth retired 
embankment near Manikchak was breached. Subsequently, the afflux embankment was 
also breached on August 25, 1998. These breaches are responsible for the entry of the 
Ganga water into the Malda District. Located on the outer side of the bend, there is deep 
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erosion near the toe of the marginal bundh. As against a normal high flood depth of 8.5 m, 
the depth of water measured after the flood was found to be 20 m near the river side toe of 
the marginal bundh. During the flood, the depth was much higher. The transverse slope of 
the riverbed in a bend is due to the scour on the outer side and deposition of the scoured 
materials on the inner side of the meander bend. The transverse slope occurs for stability of 
the bed due to a secondary current generated as a result of centrifugal force to which water 
is subjected on the outer side (Wang, 1992). Due to the increased depth as well as the 
centrifugal force on the outer side, the tractive stress increases rapidly leading to more and 
more scour. Progressive scour on the outer side and the deposition on the inner side, 
results in lateral migration of the bend on the outer side and the increase in the curvature of 
the bend. This causes even higher centrifugal effect and a higher shear stress resulting in 
more erosion at the outer edge of the bed. No embankment can stand when such deep 
scour occurs near the toe, unless it is well protected with heavy stone/concrete aprons and 
sheet piles. The primary cause of the breach in the embankments is the formation of a deep 
scour hole as the river starts flowing along the embankment. 




Year 



Figure 3.3. Annual peak discharge of the Ganga at Farakka. Horizontal line indicates mean peak 
discharge of 56,543 mVsec. Data source: UNESCO, 1976 and Indo-Bangladesh Joint Rivers 
Commission, 1995. 

Twenty-four spurs have been constructed to date so far to deflect the stream away 
from the marginal embankment. On the Kosi River, 364 spurs were constructed to save 
flood embankments (Mazumder, 1985). Yet the embankments got breached. Long spurs 
cause more head loss and more afflux upstream. The river has been found to be more 
unstable when too long spurs are made due to the process of initial contraction and 
subsequent expansion of the stream (Mazumder, 1993). The river may deflect and start 
flowing along the spurs. Too much contraction and expansion may also cause strong eddy 
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with strong back flow scouring on the downstream side of the spur (Kulkami and Wakalkar, 
1999). The mainstream may also entrain the eddy fluid resulting in supercritical flow along 
the bank. 



3.4 Conclusions 

The 1998 disastrous flood in the Malda District of West Bengal was due to the combined 
effect of: Rise in high flood level upstream of the Farakka Barrage; deposition of sediment 
upstream of the barrage; unprecedented rainfall in the catchment lying between Ganga and 
Mahananda and the simulataneous drainage congestion due to the rise in HFL of Ganga 
and Mahananda; meandering Ganga River upstream of Farakka and the erosion of the outer 
bank towards Malda; failure of flood embankments due to the deep scour holes near the 
embankments; and poor maintenance and low quality construction of protective works. 
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4.1 Introduction 

Channel morphology adjusts in the different time-scale - long, medium and short - to 
changing water and sediment discharges (Richards, 1982). Long-term influences - climate, 
hydrologic and gradual tectonics - cause gradual, progressive adjustment of the alluvial 
channels. Medium-term adjustments are often caused by human activities. Natural hazards 
like earthquakes and volcanic eruptions are also responsible for medium-term adjustment. 
Several studies have assessed the medium-term adjustment due to human activities and 
natural hazards (Kondolf etaL, 2002; Yang etaL, 2002; Goswami etal., 1999; Simon, 1989; 
Burnett and Schumm, 1983; Galay, 1983). In these cases, the change in sediment transport 
is the triggering agent. On the other hand, short-term channel adjustment is caused by 
individual extreme events, like a catastrophic flood. 

Human interventions in the rivers system started in the ancient times when man started 
to cultivate crops. The crop fields are found to generate two-three times higher runoff than 
those catchments under pasture (Richards, 1982). This causes the increase in flood 
discharge. Moreover, cultivation yields more sediment to the ultimate destination, which is 
the river. In a Mississippi catchment sample, it was found that a woodland basin yields 
three times and that com cropland yields ten times the sediment of pastureland. Surface 
water irrigation also changes the flow regime and thus the cultivation of crops changes 
both flow and sediment regimes of a river system. To meet the food demands of an 
increasing population, extension of cultivated areas and withdrawal of water for irrigation 
has increased largely over the last century, particularly in densely populated areas, like in 
India (Verghese, 1999). 

Changes in the upstream hydraulic regime of a river system can easily be felt in the 
downstream. For example, increase in flood discharge due to deforestation in the upstream 
and a decrease in flow due to the construction of dams can quickly occur in the 
downstream. These upstream interventions would increase or decrease the water and 
sediment input, the effects of which on the river morphology could be felt in the 
downstream several years later. These changes propagate in the downstream with a certain 
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speed. This speed is several hundred times less than the speed of flood waves or other 
hydrological changes. Sarker and Thome (2003) estimated the speed of downstream 
propagation of the different morphological aspects of the Jamuna River and according to 
them it varies from 1 0 km/year to 50 km/year. The speed of flood wave on the other hand, is 
more than 100 km/day in the same river. 

The impact of any upstream change on morphology may vary from river to river. Even 
within a river it can vary from one reach to the other. For example, a dam generally causes 
riverbed degradation, but in a river system where the bank and bed materials are highly 
susceptible to erosion, the effect of the dam can be associated with the changes in 
planform (Galay, 1983), which is different from riverbed degradation. 

The response of the river to any sort of interventions can propagate both in the 
upstream and downstream. Bangladesh as a downstream riparian of two large rivers such 
as the Brahmaputra and Ganges would be the worse victim, as people of this country do not 
get any benefit from the upstream interventions, but experience only the adverse effects on 
the river morphology. Building an understanding on the river process response, and 
identifying and developing the capability to predict the effects of different interventions 
are essential for the downstream riparian to minimize the sufferings, the causes of which are 
actually generated in the far upstream. This chapter attempts to identify the impacts of the 
upstream interventions on the morphological changes in the Ganges-Gorai system, 
keeping in mind that identification of the morphological response of the river is highly 
complex due to a large number of variables. Moreover, one of the major constraints is to 
separate the changes induced by the natural morphological oscillations of a river from the 
response of the river to human interventions. 

In this chapter the approach of identifying the effects is presented in the next section. 
The geo-morphological settings of the Ganges basin are discussed and an account of the 
hydro-morphological characteristics of the river. The morphological responses of the Ganges 
River to the several natural and human interventions, including the Farakka, are presented 
in the following section, followed by a detailed account of the changes in the Ganges and 
its impact on the Gorai River. Finally, the future of the Gorai River and its probable 
implications to the Southwest region of Bangladesh is presented along with a discussion 
and concluding remarks. 



4.2 Approach 

The task of recognizing the effect on the morphology of any upstream changes is difficult 
and complex due to the time lag factor and its varying nature. The propagation speed of 
morphological changes varies from river to river and reach to reach of the same river 
depending on the geo-morphological evolution and hydro-morphological characteristics 
of those rivers and river reaches. A good understanding of the geo-morphological and 
hydrological characteristics of the river is a pre-requisite to identify the effects on the 
morphology of a river. Identifying and understanding its previous responses to different 
types of interventions can largely help to identify and predict recent changes. Therefore, 
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attempts were made to assess the Ganges River response to meeting with the Jamuna River 
in the early nineteenth century as well as the impact of the construction of the Hardinge 
Bridge - the first major human intervention in the Ganges River. 

Due to the involvement of the large number of variables, the quantification of the 
responses of the river in a medium time frame is analytically indeterministic (Richards, 
1982). A simple and qualitative relation was proposed by Lane (1955) for predicting the 
response of the rivers. Later Klaassen (1995) improved the relations introducing the regime 
relations. Schumm (1969) also proposed qualitative responses of the river to the changes in 
discharge and sediment input. However, it appears that Lanes proposal would be the better 
tool to predict the responses of the river, especially in adjusting the width, depth and 
slopes to the different types of interferences. The Lane relation reads as: 

S‘'*D^ooQ^*i 4.1 

where S = sediment transport (mVsec), Q = water discharge (mVsec), D = characteristics 
bed material size (m), i = energy gradient (slope), and a, b, and c are exponents. 

Assuming the steady and uniform flow, the momentum equation can be expressed as: 

5 I 

Q = CBhH^ 4.2 

where C= Chezy’s roughness coefficient, B = width, and h = depth of the channel. On the 
other hand, schematized sediment transport equation expresses: 

S = mu'' 4.3 

or 

S - 4.4 

where p, and n are constant. Using equations 4.2 and 4.4, as expression can be derived 
as: 



S = BD-’’m,C'{hif2 4.5 

Solving the equations by eliminating h and obtaining the expression for /: 

n—3 n n 

SD’’B~ ooQ2f3 4.6 

Solving the equations by eliminating i and obtaining the expression for h: 
SD”B"~‘ooQ''h''‘ 



4.7 
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These two equations can be used to assess the one-dimensional response such as the 
adjustment of flow depth and the slope of the river to the various interventions such as the 
narrowing of a river, withdrawal of water, mining of sediment and several others. These 
models help to qualitatively assess the responses to the different types of interventions. 
To assess the impact of the human interventions in the Ganges-Gorai system, these models 
are applied first and then the observed changes are compared with the qualitative 
assessment, which leads towards a conclusion. 

Most of the analysis and interpretation presented in this chapter regarding the 
identification of the morphological impact on the Ganges are based on the research and 
development project of the Center for Environmental & Geographic Information Services 
(CEGIS) (CEGIS, 2003). The research has used time-series water level and discharge data, 
time series satellite images dating back to 1973, and historical maps. The author of this 
chapter was mainly responsible for carrying out the research. Many of the analysis and 
interpretation regarding the identification of the morphological impact on the Gorai River 
are based on the environmental baseline study conducted by EGIS (CEGIS’ predecessor) 
for the Gorai River Restoration Project (EGIS, 2000a). The relevant part of the study was 
also carried out by the author, some of the results of which are presented in Sarker et al 
(1999) and Sarker and Koudstaal (1999). In addition to these previous studies, new 
observations and interpretations are incorporated to better explain and predict the 
behavior of the rivers. 



4.3 Geo-Morphological Settings 

The combined flow of the Bhagirathi and the Alaknanda forms the Ganges. The Bhagirathi 
originates from the Gangoatri glacier and the Alakananda rises in the Anzkar Range in the 
West of the Nanda Devi (Figure 4.1). The length of the Ganges from the West of the Nanda 
Devi to the confluence of the Jamuna River at Aricha is about 2,200 km. Several tributaries 
have merged to form the main flow of the Ganges. Three trans-Himalayan distributaries - 
the Kamali, Gandak and Sapt Kosi originating in Nepal contribute about 41% of the total 
annual flow of the Ganges system (Haque, 1997). 

The Ganges was probably the first river to break through the Indian shield during the 
Pleistocene (<2*10^ years) upheaval (Khan, 1991). The river passed between the Rajmahal 
Hills and the Dinajpur Shield and flowed South along the course close to the present 
course of the Hoogly River. Since then the Ganges has brought down huge amounts of 
sediment along with the Brahmaputra River for the last several hundred thousand years to 
build up the Bengal Delta - the largest recent delta in the world. The thickness of the 
sediment in the basin varied from few hundred meters to 1 6 km close to the Bay of Bengal. 
The sediment of these two rivers has spread over the ocean floor covering thousands of 
square kilometers and has formed an almost 3,000 km long deep sea fan. 

The delta building process was greatly influenced by changes in the base level, i.e., 
the sea level. During the last glaciations (20,000 years), the sea level was about 100 m below 
the present level and the coastline was further to the sea. A new phase of the delta building 
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Figure 4.1. Catchment of the Ganges, Brahmaputra and Upper Meghna rivers. 

processes has been started since the post glaciations (< 20,000 years). Geological evidence 
suggests that the Ganges was along its oldest course i.e., along the Hoogly at the 
beginning of this phase (Figure 4.2). Recently developed paleo-geographic maps (Umitsu, 
1993; Goodbred and Kuehl, 2000) suggest that the main course of the Ganges shifted from 
the Bhagirathi to the present course after abandoning several other courses like the Jalingi, 
Mathabanga, Gorai, Kumar, etc. More than one simultaneously flowing main courses were 
also evident during the period (Williams, 1919). 

Williams (1919) described the sequential changes in the courses of the Ganges River, 
and his description was very close to what was suggested by Umitsu (1993) and Goodbred 
and Kuehl (2000). But the time-scale suggested by Williams was quite different from that 
indicated by recent studies. During the shifting of courses from the West to the East, the 
old courses often became distributaries of the main river. A similar phenomenon was 
observed in the case of the Gorai River. The Ganges was flowing close to the present 
course of the Gorai River nearly 5,000 years ago. Later, it shifted its course further East and 
since then the Gorai has become one of its distributaries. 

Over time, the importance of the distributaries has changed. The change was caused 
by delta development processes, the avulsion of tributaries and natural events such as 
earthquakes or large floods. At the beginning of the nineteenth century the Jamuna River 
shifted from the East of the Madhupur Tracts (Pleistocene uplifted sediment) to the West 
(Figure 4.3). According to Williams (1919), this avulsion of the Jamuna River caused the 
increased discharge through the Gorai River. 
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Figure 4.3. Evolution of the main rivers of Bangladesh since the 18th century. 
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4.4 Hydro-Morphological Characteristics 

4.4.1 GANGESRIVER 

The Ganges drains the Southern slope of the Himalayas and its total catchment area is 
about 1 ,000,000 km^ (Figure 4. 1). The river enters Bangladesh through the Chapai Nawabganj 
District and flows about 100 km along the international border of Bangladesh and India 
(Figure 4.4) occupying the territory of both countries. From the off-take of the Mathabanga 
River, the Ganges enters completely into the territory of Bangladesh. The annual average 
flow as measured at the Hardinge Bridge since the mid- 1930s is about 1 1,000 mVsec. The 
average flood water slope of the river is 5 cm/km. 




Figure 4.4. The Ganges and Gorai Rivers. 

The bed material of the Ganges River consists of fine sand, the median diameter (D^^) 
of which is about 0. 14 mm at the Hardinge Bridge. The downstream fining rate of the bed 
material is about 0.03 mm/ 100 km (Delft Hydraulics and DHI, 1996a). Suspended sediment 
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transport is the dominating mode of bed material transport^ . Among the suspended 
sediment, l/3rd is bed material and the other 2/3 rd is wash load which consists of silt and 
clay (Delft Hydraulics and DHI, 1996b). Annually, the river transports 300 to 500 million 
tons of sediment as measured at the Hardinge Bridge. After starting the sediment gauging 
at the Hardinge Bridge in the mid- 1 960s, the sediment transport, especially the bed material 
(sand fraction) load was found to decrease consistently from the mid-1970s (Figure 4.5). 

The Ganges is a meandering river, characterized by sweeping meanders and divided 
flow reaches within the meander belt. The mender belt of the river is limited within an active 
corridor, which has been produced by the river over centuries (Halcrow et aL, 1993). 
Erosion resistant cohesive materials including the Barind Tract (consisting of Pleistocene 
sediment) has formed the left boundary of the corridor (CEGIS, 2003). Erosion resistant 
cohesive materials are also present along the right boundary of the corridor, but is not 
continuous or in abundance in the upstream of the Hardinge Bridge. Old courses of the 
Ganges (Figure 4.2) and the distributaries are relatively the older consolidated flood plain 
along the right corridor at several locations. Therefore, the river has a higher freedom to 
develop its meander loops along its right bank rather than along its left. 

Within the active corridor the bank material consists of loosely packed highly erodible 
materials. The maximum bank erosion in such areas can be as high as 665 m/year along the 
meandering bends (EGIS, 2000b and Sarker et al, 2003). When the river attacks the 
boundary of the active corridor consisting of cohesive materials, the rate of bank erosion 
reduces to few meters per year (CEGIS, 2003). 

According to Halcrow et al (1993) the average meandering wavelength of the Ganges 
is 29 km. The wavelength is in good agreement with the 7 to 10 times the flow width as 
suggested by Leopold and Wolman (1960). The river changes sinuosity over time and 
space. Sinuosity between the locations of the Farakka Barrage and the Hardinge Bridge 
was around 1.20 for 200 years (1780-1973), but increased to 1.37 during the last 30 years 
(Table 4.1). The reach of the Ganges River between the Hardinge Bridge to Aricha was 
highly sinuous, i.e., sinuosity was 1 .46 in the 1 8th century as observed in the RenneTs map 
(1776). From the beginning of the 20**" century this reach has become nearly a straight reach, 
and sinuosity remains close to 1 . 10. 



' The total sediment load (transport) in a river can be divided into two categories: bed material load 
and wash load. Bed material load is defined in accordance with the ISO standards (van Rijn, 1992) - 
the part of the total sediment transport which consists of the bed material the movement rate of 
which is governed by the transport capacity of the channel. 

Wash load is defined as that part of suspended load, which is composed of particle sizes smaller 
than those found in appreciable quantities in the bed material. A grain size 63 mm is used to separate 
bed material load from wash load. According to Bagnold (1962) the wash load consists of particles 
with a fall velocity smaller than \ .6ui{u = depth-averaged velocity, i = energy gradient) and can be 
transported in unlimited quantities. 
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Figure 4.5. Changes in the relationship between discharge and bed material transport over time. 



Table 4.1. Changes in the sinuosity of the Ganges River over time 



Reach of the Ganges 


Straight 




Sinuosity 






Length (km) 


1780 


I860 


1973 


1999 


Farakka to Hardinge Bridge 


138 


1.24 


1.21 


1.17 


1.37 


Hardinge Bridge to Aricha 


76 


1.46 


1.20 


1.08 


1.12 



4.4.2 GORAIRIVER 

The Gorai River has long been a perennial distributary of the Ganges River. At the 
beginning of this century, the flow of the Nabaganga River joined with the Gorai River at 
Bardia by a cut called the Halifax cut. This resulted in a partial diversion of the flows 
through the Nabaganga towards Khulna. It has since evolved to become the preferred 
drainage path of the Gorai, which now reaches the Bay of Bengal mainly via the Pussur and 
Sibsa Rivers and several linked tidal creeks inside the Sundarbans mangrove forest 
(Figure 4.4). 

The mean annual peak discharge of the Gorai River in the late 1990s is about 
4,500 mVsec; its bed material varies from fine sand to fine sand and silts. The annual 
average sediment transport is about 50 M tons (for the last 3 decades) in which about 40% 
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are bed materials and the rest is wash load consisting of silt and clay. The mean size of bed 
materials at the mouth of the Gorai River is 0. 17 mm (Delft Hydraulics and DHI, 1996c), 
which is found to be coarser than that in the Ganges River almost at the same location. 
Coarser grains at the off-take are probably due to a grain sorting process, associated with 
the sediment input above the transport capacity of the diverted Gorai flows (Sarker and 
Koudstaal, 1999). 

The Gorai River flows through relatively erosion resistant materials along a 90 km 
reach in the upstream. The maximum rate of bank erosion in this reach is a few meters per 
year, while it is a few tens to hundreds of meters per year at the most downstream reach 
(EGIS, 2000b, Sarker a/., 1999). 

The sinuosity of the 90 km long upstream reach is about 1.36, which has remained 
unchanged over the last 3 decades. There is a bend in the immediate downstream of 
Kamarkhali (Figure 4.4), the existence of which was observed in the RenneTs map (1776). 
The length of the bend has been changing over time; often natural cut-off occurs and 
subsequently the bend develops again. The most dynamic reach of the Gorai River is the 
70 km long downstream reach North of Bardia. The sinuosity of this reach is very high and 
changes over time (Table 4.2). During the last 3 decades an increasing trend of sinuosity of 
this reach was observed. 

Table 4.2. Changes in the sinuosity of the Gorai River over time 



Reach of the Gorai 


1904-1924* 


1973 


Sinuosity 

1984 


1997 


Off-take to Kamarkhali 


1.40 


1.35 


1.35 


1.35 


Kamarkhali Bend 


- 


3.50 


2.75 


3.20 


Downstream Reach 


2.20 


1.75 


2.05 


2.20 



*data source: Halcrow etal, 1993. 
Source: EGIS, 2000a. 



4.5 Natural and Human Interventions and Their Impacts on the Ganges 

Avulsion of the tributaries and shifting of the main course of the river are common types of 
natural interference in a river system. Willcocks (1930) indicated that all the distributaries of 
the Ganges such as the Jalingi, Mathabanga, Gorai, etc, were man-made irrigation channels 
of ancient times. No evidence has been found to support this idea. However, the major 
human interventions in the river have started only recently i.e., since the beginning of the 
last century. All of these interventions have medium-term morphological impacts on the 
river system, which are described in the following. 
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4.5. 1 AVULSION OF THE JAMUNA RIVER 

Until the end of the eighteenth century, the Ganges River was separately discharging to the 
Bay of Bengal a few kilometers West of the Meghna Estuary (Figure 4.3). The Brahmaputra 
River flowed to the East of the Madhupur Tract and upon joining with the Meghna River, 
their combined flow fell into the estuary following approximately the same alignment of the 
present Lower Meghna River. Between the end of the eighteenth century and early 
nineteenth century, the flow of the Brahmaputra River started to divert through the course 
of the Jamuna River and joined with the Ganges at Aricha. 

The diversion of the flow of the Brahmaputra River to the Jamuna took place gradually 
- spanning over several decades. For an assessment of the increase in flow (considering 
the changes of the downstream width), the ultimate adjustment of the river slope can be 
expressed (Klaassen, 1995) as: 

n+3 

i ( n 

— = 

L \Qo^^Q) 



where, and zp are initial (time, t = 0) and ultimate (after the adjustment at t = p) energy 
slopes, is the discharge at t = 0 and Ag is the increase of discharge due to diversion. The 
value of n is 5 and 3 according to the Engelund and Hansen (1967) and Meyer-Peter and 
Muller (1947) formulas. Delft Hydraulics and DHI (1996c) derived a sediment transport 
formula for the major rivers of Bangladesh such as the Jamuna, Ganges and Padma Rivers 
based on Engelund and Hansen, where they got the value 3.66 for ‘n’. 



The Jamuna River delivered not just the flow, but the sediment as well into the Ganges 
River. Initially, the Jamuna River supplied the sediment at a higher rate, as the river had to 
increase its size by eroding its bed and bank to accommodate the increased flow. For the 
increase in the sediment only, the ultimate adjustment of the slope would be: 



L \ ^0 



4.9 



where is the sediment transport at t = 0 and AS is the increase in sediment transport due 
to the diversion. Combining the above two equations results in nearly ‘no’ changes in the 
downstream slope of the river. It implies that the ultimate adjustment of the increased 
discharge and sediment will not have much impact on the Ganges River in the upstream of 
the confluence. But the gradual diversion of flow through the Jamuna River maintained a 
higher base level of the Ganges River at the confluence for several decades (Figure 4.6), 
which may cause the adjustment of the slope of the Ganges by reducing its sinuosity. This 
explains the reduction of sinuosity of the Ganges River from 1 .46 to 1 .20 from the location 
of the Hardinge Bridge to Aricha at the beginning of the nineteenth century (Table 4. 1). It 
should be kept in mind that during the process of diverting of the flow of the Brahmaputra 
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to the Ganges, a higher base level had been causing very high flood for several decades 
around the confluence and thus raised the adjacent flood plain by sedimentation. Similar 
types of river responses have been reported by Burnett and Schumm (1983). They found 
that downstream valley uplift due to neotectonic activities had reduced the sinuosity of the 
Big Colewa Creek in USA to adjust with the new valley slopes. This adjustment was almost 
similar to the process response of the Ganges River. The sustaining of high base level at 
Aricha caused the diversion of more water through the Gorai (Williams, 1919). 




Figure 4. 6. Schematic diagram showing the response (one-dimensional) of a river to the increase in 
downstream flow. 

4.5.2 HARDINGEBRIDGE 

The Hardinge Bridge was constructed over the Ganges River in 1916. Generally, the 
construction of a bridge is associated with the narrowing of a river. The length of a 
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constricted reach can be determined by the length of guide bunds, which is about 3 km to 
4 km for the Hardinge Bridge. The immediate impact of the constriction is the increase in 
flood level, which diminishes with the distance in the upstream (Figure 4.7). The ultimate 
adjustment of the depth and slope at the constricted reach can be expressed as: 



K 






n-1 



and 






n-3 



4.10 



4.11 



where h^ and hp are the width-averaged depth at t = 0 and t = p respectively; and are 
the flow widths before and after the constriction, respectively. The depth in the constricted 
reach will increase and if n > 3, the slope of the reach will decrease. The upstream riverbed 
will be lowered, depending on the length of the constricted reach, the value of n and the 
amount of constriction i.e., (Figure 4.7). For the guide bunds of 3 km to 4 km and for 

50% contriction, the maximum lowering of the bed level could be a few centimeters only, 
which can hardly be felt. However, the immediate increase of flood level will be diminished 
within a few years by lowering the riverbed at the constricted reach. Therefore, the 
morphological changes associated with the constriction due to the Hardinge Bridge may 
not be significant and not recognizable using maps that were prepared several years apart. 

As a meandering river the sinuosity of the Ganges in the downstream of the Hardinge 
Bridge varied between 1 .46 to 1 .20 in the eighteenth century (Table 4.1). Sinuosity of the 
river varies spatially and temporarily. But it has been found that sinuosity of the Ganges 
River in the downstream of the Hardinge Bridge has remained around 1.1 for about a 
hundred years since the early twentieth century (CEGIS, 2003). The reasons for this are not 
yet known, though there may be two likely reasons: (i) development of a lineament during 
the earthquake of 1 897 along the present alignment of the Ganges in the downstream of the 
Hardinge Bridge, (ii) construction of the guide bunds and bank protection structures for 
the safety of the bridge and the cohesive bank materials along the right bank downstream 
of the bridge that guide the flow in such as a way that the rivers had to follow a straight 
course. 

From examining the old maps (1917, 1924, 1933 and 1960) and satellite 
images from 1 973 to 2002, it has been observed that the Ganges flow was directed to Talbria 
1 3 km downstream of the Hardinge Bridge throughout the period. Bank materials of Talbaria 
consist of clay, the thickness of which is about 30 m (DHV-Haskoning & Associates, 2000). 
A further examination of old maps and satellite images from 1973 to 2002, suggested that 
during the last 40 years the riverbank was along the location of Shilaida about 14 km 
downstream of Talbaria. Bank materials of Shilaida also consist of clay and are highly 
erosion resistant (CEGIS, 2003). These observations partly support the second premise. 
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Figure 4. 7. Schematic diagram showing the response (one-dimensional) of a river to the narrowing of 
the river at the downstream. 

4.5.3 DAMS, BARRAGES, EMBANKMENTS, LAND USE AND DEFORESTATION 

Nearly 45 1 million are directly/indirectly dependent on the Ganges (Chapter 1). There is a 
large demand for food production in these basins. According to Verghese (1999), per capita 
agricultural output had declined in the 1980s, although the growth rate was about 1.9%. 
Increasing population has increased the demand for food, which has resulted in the 
large-scale human interventions evident in the basin area. These interventions include 
deforestation, intensive use of land for agriculture, construction of dams, barrages and 
embankments, etc. Each of these interventions has impacted on the hydro-morphologic 
regime of the river, which is qualitatively shown in Table 4.3. Schumm (1969) and Richards 
(1982) presented qualitative channel responses to the different types of human 
interventions in the river basins. During assessing the impacts on wet and dry season 
discharge and coarse and fine sediment input as presented in the table, the rainfall and 
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cropping pattern, purposes of the construction of the dams, barrages and embankment in 
the Ganges basin were taken into account. Therefore, the impacts presented in Table 4.3 
would be valid for the particular region and may not be valid for another region. 

Table 4.3. Qualitative impacts of human interventions 



Interventions 


Water Input 

Dry Season Wet Season 


Sediment Input 
Bed Materials Wash Load 

(Fine Sand) (Silt + Clay 


Dams 


0 


0 




0 


Barrage 


- 


0 


- 


0 


Embankments 


0 


+ 


+ 


+ 


Land Use 


- 


0 


0 


+ 


Deforestation 


- 


+ 


+ 


+ 



Note: ‘O’, and ‘+’ stand for no change, decrease and increase, respectively. 



The impacts of different types of interventions in the Ganges River suggest that there 
was a decrease in dry season flow and an increase in wet season flow. Decrease in dry 
season discharge due to human interventions other than the Farakka Barrage can be 
observed from Figure 4.8. During the last fifty years, the arrival of water at Farakka in the 
dry season from the upstream has been reduced by 15%. 



Flow Volume from January to May 




Year 



Figure 4.8. Flow arriving at the location of the Farakka Barrage during the 5 months of the dry season. 
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In the monsoon, the impact of the Farakka Barrage can hardly be felt in the 
downstream. Therefore, the changes in the monsoon flow regime at the Hardinge Bridge 
can be considered as an impact of the human interventions other than the Farakka Barrage. 
Mirza (1997) reported that during the monsoon, especially in July, August, September and 
October the mean monthly flows of the Ganges at the Hardinge Bridge increased by 19%, 
10%, 18% and 7%, respectively from the mid-1970s. Decrease in the flow during the 
remaining 8 months keeps the annual flow volume nearly the same. The results shown in 
Figure 4.8 and the fmdings of Mirza (1997) are in line with the qualitative impact assessment 
of human interventions presented in Table 4.3. 

The qualitative impact assessment suggests that the wash load must have increased, 
which caused little influence on the river morphology (except the tidal reaches). The changes 
in the bed materials depends on the intensity and characteristics of the types of 
interventions, which is the main triggering agent to the changing river morphology. 

4.5.4 FARAKKA BARRAGE 



The Farakka Barrage was constructed in 1971 and became operational from 1975. Like a 
bridge, the barrage constricts the river and increases the upstream flood level to some 
extent depending on the intensity of the constriction. But the difference between the 
impact of a barrage and a bridge is that in the case of a barrage the river cannot adjust the 
depth at the constricted reach as shown in Figure 4.7 due to the presence of a bottom sill. 
This sill causes a temporary blockage of sediment in the upstream. 



Impact of the reduction of sediment input in the downstream riverbed can be 
expressed as: 



L _{ S,-AS '^ 

h V *^0 y 



4.12 



where AS is the temporary blockage of sediment. Impact on the depth of the channel can 
also be expressed as: 



K 



ySo -ASj 



4.13 



The effect of sediment storage can be shown schematically through Figure 4.9. 
Immediately after the construction of the barrage, i.e., at t = t^, the water level in the 
upstream of the barrage will increase due to constriction. The flood level in the upstream of 
the barrage would remain high due to the rising of the bed resulting from the blockage of 
sediment. Mazumder (2000) found that the riverbed level as well as the flood level in the 
upstream of the Farakka Barrage increased after the construction of the barrage, which 
caused the disastrous flood in 1998 in Malda, West Bengal, India (see Chapter 3 on the 
Malda flood). 
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Figure 4.9. Schematic diagram showing the river response to the blockage of sediment by the sill of 
a barrage. 

Due to the temporary storage of the sediment, the slope and depth of the river in the 
downstream of the barrage will decrease and increase, respectively (equations 4,12 and 
4. 1 3 and Figure 4.9). The river having highly erodible bank materials may react differently. 
Instead of lowering the riverbed, the river may change the planform. Galay (1983) also 
observed such cases in some Indian rivers. In the case of the Ganges River it is likely that 
instead of lowering the bed significantly, the river may decrease its slope by increasing its 
sinuosity. That was probably what happened in the Ganges River, after the construction of 
the Farakka Barrage. 

The sediment transport of the Ganges River at the Hardinge Bridge was found to have 
decreased in the 1980s and 1990s (Figure 4.5). If sinuosity is observed to have increased 
due to the decrease in sediment transport, sinuosity of the river would show a phase lag in 
the downstream. The propagation of the increased sinuosity should continue in the 
downstream of the Hardinge Bridge. 

The reach of the river from 20 km in the downstream of the Farakka Barrage to the 
Hardinge Bridge is divided into three reaches R1 , R2 and R3 to identify the occurrence of 
phase lagging in the downstream (if any). In order to divide the reaches nodal points are 
selected and the length of the reaches cover a straight distance of 35 km to 45 km, which is 
about 1 to 1.5 times greater than the meandering wavelength of the Ganges River. The 
observed changes in the sinuosity of the river reaches are presented in Table 4.4. 
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Table 4.4. Changes in the sinuosity of different reaches of the Ganges from the downstream of 
Murshidabad to the Hardinge Bridge 



Year 


Reach R1 


Sinuosity 
Reach R2 


Reach R3 


1973 


1.16 


1.14 


1.18 


1980 


1.23 


1.18 


1.40 


1984 


1.21 


1.15 


1.37 


1989 


1.22 


1.16 


1.40 


1993 


1.18 


1.31 


1.54 


1997 


1.25 


1.30 


1.66 


1999 


1.22 


1.29 


1.67 



All the reaches in the upstream of the Hardinge Bridge have increased in sinuosity 
over the last few decades (Figure 4.10). Increase in the sinuosity of Reach R3 is very 
significant, while changes in sinuosity of Reach R1 are less compared to the other two 
reaches. No phase lag in the increase in sinuosity of these reaches is apparent. But increase 
in sinuosity of Reach R2 was observed to have stopped in the mid-1990s, whereas 
sinuosity of Reach R3 is continuing to increase. A phase lag in the ceasing of the increase 
in sinuosity can be assumed - Reach R1 stopped in 1 980, R2 in 1 993 and R3 is continuing to 
increase its sinuosity. 




Year 



Figure 4.10. Changes in sinuosity of the different reaches of the Ganges River over time. 
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The most striking thing is that there were almost no changes in sinuosity in the 
downstream of the Hardinge Bridge, whereas in Reach R3 - the immediate upstream reach of 
the Hardinge Bridge, sinuosity increased from 1 . 1 8 to 1 .67 during 1973-1 999 (Table 4.1). The 
only explanation for this phenomenon is that either due to unknown natural causes or due 
to the man-made hard points around the Hardinge Bridge and the cohesive materials along 
the Ganges; the river is fixed at a nearly straight course in such a way that it has not 
increased its sinuosity since the beginning of the twentieth century. In such a case, the 
river should decrease its slope by lowering its flood or bed level in response to the 
decrease in sediment input. 

Specific gauge analysis of the Ganges River at the Hardinge Bridge is performed to 
check such occurrence (Figure 4. 1 1 ). No significant changes in the relation between water 
level and discharge at the Hardinge Bridge can be observed, although there are small 
changes in the water level within a range of 0.5 m for discharges 20,000 mVsec and above. 
Water levels rose about 0.5 m during the 1970s reaching the peak in the early 1980s. 
Thereafter it started to decrease. During the end of the 1 990s the water level dropped more 
than 0.5 m for discharges of 20,000 mVsec, 30,000 mVsec and 40,000 mVsec from its peak. 
This variation in water level is in line with the decrease in sediment transport at the Hardinge 
Bridge. It suggests that instead of increasing the sinuosity, the river downstream of the 
Hardinge Bridge has lowered its flood slope, if it is assumed that no changes had occurred 
at the downstream boundary i.e., at Aricha. 




Year 



Figure 4. 11. Specific gauge analysis of the Ganges River at the Hardinge Bridge. 
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To identify the effect of the Farakka Barrage on the Ganges River a number of analysis 
were performed including a theoretical justification. Among these, two analysis confirmed 
the increase in sinuosity of the river from the Farakka Barrage to the Hardinge Bridge and 
decrease in sediment (bed materials) input at the Hardinge Bridge after the construction of 
the barrage. These results support the theoretical justification. But the analysis to identify 
the downstream phase lag for the increase in sinuosity and the specific gauge analysis do 
not yield clear results. An apparent phase lag in the ceasing of the increase in sinuosity 
and apparent decrease in flood slope in the downstream of the Hardinge Bridge were 
noticed. Moreover, historical analysis supports that the Ganges River may adjust its slope 
by changing its sinuosity instead of bed level change. All these analysis indicate that the 
increase in sinuosity of the Ganges River downstream of the Farakka Barrage to the Hardinge 
Bridge is most likely to be the result of the sediment trapped in the upstream of the barrage. 

From 1973 to 1999 the Ganges River has increased about 27 km in length from the 
Farakka Barrage to the Hardinge Bridge which corresponds to the increase in sinuosity 
from 1 . 17 to 1 .37 (Table 4.1). This increase in length of the river reach causes a net erosion 
along its courses both in India and Bangladesh. Bangladesh is the worse sufferer - the net 
loss of flood plain from 1980 to 1999 has been 12,650 ha while India lost about 4,850 ha of 
flood plain during the same period (Figure 4.12 and Table 4.5). 

After filling the storage upstream of the barrage, an equilibrium sediment input will be 
established. The river may adjust its slope again with its equilibrium sediment input. The 
expected adjustment would be associated with the reduction in sinuosity by reducing its 
length. This process has compensated partly or fully for the net flood plain erosion in the 
last decades through accretion. However, it does not imply that the river will stop bank 
erosion. In the coming years, it is expected that accretion will dominate over the bank 
erosion. 



4.6 Changes in the Ganges River and its Impact on the Gorai River 

Available records of the discharge at the Gorai Railway Bridge (GRB) gauging station from 
the mid- 1 940s to the mid- 1 970s (pre-Farakka) show that the Gorai off-take closed during the 
dry season only once for a period of two years in the early 1950s. A cyclic process of 
improvement and deterioration of the mouth of the Gorai and other distributaries is not 
uncommon and had already been mentioned by Williams (1919). 

Mean annual hydrographs for different periods show a decreasing discharge 
(Figure 4.13) of the Gorai River. The peak discharge as well as the duration of floods has 
reduced. Reductions were more pronounced during the 1988-1996 period. Since 1988, the 
Gorai flow has begun to close every year during the dry season. Furthermore, the ratio 
between the annual flow volume of the Gorai and Ganges rivers shows a clear declining 
trend (Figure 4.14). In the pre-Farakka period (1965-1974) the average ratio was 0.14, which 
was reduced to 0.09 in the mid-1990s. 
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Table 4.5. Erosion and accretion along the Ganges River from the Farakka Barrage to the Hardinge 
Bridge during the period 1980-1 999 



Erosion/ Accretion (ha) 


Bangladesh 


India 


Total Change 
(1980 to 1999) 


Erosion 


18, 250 


13,350 


31,600 


Accretion 


5,600 


8,500 


14,100 


Net erosion 


12,650 


4,850 


17,500 



Two main reasons for the observed declining trend of the flow through the Gorai River 
were identified by different studies (Halcrow et al., 1993; Delft Hydraulic and DHI, 1996b; 
EGIS 2000a; and Sarker and Koudstaal, 1999). One is the morphological change in the 
Ganges River around the Gorai off-take, which can be treated as part of the natural process 
rather than a consequence of human interventions. The second is the change in the 
hydraulic regime of the Ganges, which is related to the dry season diversion of water 
through the Hooghly River by the Farakka Barrage and withdrawal of water further 
upstream. 
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Data 



Figure 4.13. Mean daily discharges of the Gorai River at different periods. 
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Figure 4.14. Ratio of annual flow volumes of the Ganges and Gorai Rivers. 



4.6.1 CHANGES IN THE PLANFORM OF THE GANGES RIVER AROUND THE GORAI 

OFF-TAKE 

The dynamic behavior of the Ganges causes rapid change in the planform around the 
off-take of the Gorai River. When the main flow of the Ganges is directed to the mouth of the 
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Gorai River, the situation can be termed as a “favorable planform” of the Ganges for the 
Gorai (Figure 4. 1 5a). In this situation, the Gorai takes off at the outer bend of the main flow 
of the Ganges River. On the other hand, the planform of the Ganges in 1 992 (Figure 4.15b) 
can be referred to as an “unfavorable planform”, when instead of the outer bend, the 
off-take fell at the inner bend/crossing of the main flow of the Ganges. This situation favors 
relatively more sediment to divert towards the Gorai. Moreover, huge bank erosion along 
the right bank in the upstream of Talbaria produced a huge amount of sediment during the 
monsoon, a major part of which was deposited at the mouth of the river. 




a. 1973 b. 1992 

Figure 4. 15. Landsat TM images of dry season showing the planform of the Ganges River around the 
Gorai off-take. 

From the 1980s, the planform of the Ganges around the off-take started to become 
unfavorable for the Gorai. The bend upstream of Talbaria started to erode its right bank 

from 1987. The maximum erosion was about 800 m from 1987 to 1992. The erosion was 

2 

extended 7 km to 8 km along its bend. About 55 million m^ of sediment was produced from 
erosion of the right bank, most of which was deposited along the same bank in the 
immediate downstream of Talbaria, resulting in the formation of a bar at the mouth of the 
Gorai River (Figure 4. 15b). The relation found between the severe upstream bank erosion 
and declining of a large anabranch of the Jamuna River by a recent research (EGIS, 2002a) 
matches with the rapid decline of the Gorai during 1988-1996 (Figure 4.14). From the 
mid-1990s, erosion in the upstream of Talbaria reduced significantly. Consequently, the bar 
in front of the off-take also reduced in size. The mouth of the Gorai remained at the inner 
bend of the main flow of the Ganges throughout the 1990s. 



^ To estimate the amount of sediment, average depth of the river along the bend is considered as 1 5 m 
based on the bathymetric surveys carried out in the Ganges River around the Gorai mouth by the 
River Survey Project (FAP 24) from 1994 to 1996 (Delft Hydraulics and DHI, 1996e). 
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The major changes in the channel alignment of the Ganges in front of the Gorai off-take 
mainly depends on the changes in the planform upstream of the Hardinge Bridge (Halcrow 
et al, 1993 and EGIS, 2000a). The constriction of the Hardinge Bridge acts as a node - the 
flow along the right bank upstream of the Hardinge Bridge results in the flow along the left 
bank downstream of the bridge (Figure 4.15a). The unfavorable planform for the Gorai 
occurs when the Ganges flows along the left bank upstream of the Hardinge Bridge 
(Figure 4.15b) causing the flow along the right bank upstream of the Gorai mouth. An 
examination of satellite images suggests that a favorable planform of the Gorai is not 
inevitable in the next decade. 

It is not probably the first time that the Gorai River has experienced an unfavorable 
planform (the closing of dry season flow in the early 1950s is suspected to have been due 
to an unfavorable planform), but the closing of the the Gorai off-take during the dry season 
for more than a decade and the substantial decline of monsoon flow took place for the first 
time in recorded history. Unfavourable planform had prevailed from the mid- 1 980s, but the 
decline of the Gorai flow started from the mid-1970s (Figure 4.14), suggesting that the 
unfavorable planform of the Ganges is not the only cause of the decline. 

4.6.2 CHANGES IN THE HYDRAULIC REGIME OF THE GANGES 

During the post-Farakka period, the dry season water levels (and flows) at the Hardinge 
Bridge had changed considerably, but the change in flood water level was insignificant 
(Figure 4. 1 6). In the post-Farakka period, when there was no treaty, i.e., during 1988-1 996, 
water levels in the dry period were lower than when a treaty was in effect i.e., during 
1975-1987 (except 1976). The same fact applies for the discharge (Figure 4.17). This indicates 
changes in the operation of the Farakka Barrage during the two situations. 

During the pre-Farakka period, a recession in water levels from 1 1 m+PWD to 7 m+PWD 
at the Hardinge Bridge took an average of 4.5 months compared to 2.5 months in the 
post-Farakka period (1975-1 987). In the period 1 988- 1 996, the time needed for this recession 
(11 m+PWD to 7 m+PWD) reduced even further to 2 months. Raicvowetal. (1993) indicated 
first and later Delft Hydraulics and DHI (1996a) concluded (using extensive flow and 
bathymetric surveys and 2D numerical morphological model simulations) that the reduction 
of this flood recession period reduces the time available for scouring the dry season flow, 
which is one of the main causes of the cessation of the Gorai flow during the dry season. It 
also contributes to the accumulation of sediment in the Gorai off-take. This can explain the 
decrease in the annual flow volume of the Gorai since the Farakka Barrage became operational. 
Halcrow et al (1993) reported that the sediment accumulation decreased the depth by 4 m 
at the 1 1 km stretch upstream of the river. In the following reach the maximum decrease in 
depth was 2 m. 
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Figure 4.16. Changes in daily water levels of the Ganges River at the Hardinge Bridge over time. 

The reduction of the annual flow volume in the Gorai River has far reaching impacts on 
the morphology of the river. Initially, the morphological changes are noticed where the 
riverbanks are composed of highly erodible materials, i.e., at the downstream reach of the 
Gorai in the immediate upstream of Bardia (Figure 4.2). The sinuosity of the reach has 
increased from 1.75 to 2.20 (Table 4.2). EGIS (2000a) found that the rate of erosion and 
accretion along the reach were reduced by 20% and 30%, respectively for the periods 
1973-1984 to 1984-1997. It was found that the river had already reduced in width by 10% 
during this period. 



4.7 Future of the Gorai River 

Under natural conditions, a distributary can decline or develop depending on the 
geological context, processes of delta development and natural hazards such as 
earthquakes, large floods, avulsion of rivers, etc. In such cases, the time required for the 
“dying” of a distributary like the other distributaries in the Ganges system is in the scale of 
hundreds to thousands of years, except in the case of natural hazards. When a large-scale 
human intervention occurs, it can modify the system as rapidly as a natural hazard. This is 
what is probably happening to the Gorai River. The crucial aspect of the rapid modification 
of any river system is that it does not allow the downstream ecosystem, physical and social 
environments to adjust with the new system without causing major destruction. For 
example, the study done by Karim (1994) shows that the increase in salinity since the 
mid-1970s (resulting from the decreased dry season flow of the Gorai River) has reduced 
timber production in the Sundarbans mangrove forest and has also changed mangrove 
species distribution within it. 
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Figure 4. 1 7. Mean monthly flow (November to April) in the Ganges River at the Hardinge Bridge. 

It was observed that during the post-Farakka period, the dry season flow of the Ganges 
is declining but for the Gorai River both dry season and monsoon flows are decreasing 
rapidly. The absence of a water-sharing treaty between Bangladesh and India has 
worsened the situation. Considering the existence of the prevailing treaty, EGIS (2000a) 
predicted that due to the changes in the post-monsoon hydraulic regime of the Ganges in 
the post-Farakka period and due to the deterioration of the Gorai off-take through massive 
sedimentation over the last decades, restoration of the dry season and monsoon flow of 
the Gorai are not possible without human intervention. Favourable planform of the Ganges 
River could prevent the entry of excess sediment into the Gorai and arrest the prevailing 
declining trend of the ratio of the Gorai/Ganges flow for the time being only. 

During the period from 1 975 to 1 998, before the intervention to augment the dry season 
flow through dredging the riverbed on a pilot basis, the ratio of the Gorai/Ganges flow was 
continuously decreasing. In this period, the river has experienced both favourable and 
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unfavourable planforms and existence and absence of the water-sharing treaty. This 
implies that the observed trend of the declining ratio of the Gorai/Ganges flow (Figure 4. 1 5) 
is the result of water being diverted through the Farakka Barrage and the associated 
factors listed in Table 4.6. Some of these factors were actually relatively favourable for the 
Gorai River but some aggravated the situation. If the current trend is extended, the ratio of 
the flow will be reduced to 0.03 in the next 30 years i.e., in 2030. In that situation the Gorai 
River will be merely a flood spill channel of the Ganges. 

Table 4.6. Different aspects that have influenced the Gorai flow (1975-1996) in addition to the 
Farakka Barrage 



Aspects 


Period 


Effect 


Planform 


1975-1985 


+ 




1986-1998 


- 


Severe upstream bank erosion along 


1987-1992 


+ 


the right bank 

Existence of water-sharing treaty 


1975-1987 


+ 


Absence of water-sharing treaty 


(except 1976) 
1988-1996 


- 



The likely developments of the different aspects that will influence the Gorai flow 
(without any interventions to augment the flow) in the next 3 decades are presented in 
Table 4.7. Based on the table, an optimistic scenario up to 2030 can be assumed: (i) the 
planform of the Ganges River will be favourable for the Gorai River, (ii) there will be no bank 
erosion in the upstream of Talbaria and (iii) there will be a renewal of the water-sharing 
treaty after 2026. This is better than what had occurred during 1975-1996. In this case, the 
rate of decrease in the Gorai flow as observed (Figure 4. 1 5) could be slowed down and the 
ratio of the Gorai/Ganges flow could be higher than 0.03 in 2030. 

A pessimistic scenario up to 2030 could be assumed as well: (i) the planform of the 
Ganges River will never be favorable for the Gorai River, (ii) severe bank erosion will occur 
in the upstream and continue for a longer period (iii) there will be no renewal of the 
water-sharing treaty after 2026 and (iv) there will be less water available in the Ganges 
(within Bangladesh) than was negotiated during the less water in the upstream of the 
Farakka Barrage resulting from the withdrawal of more water in the upstream) (Mirza, 2002). 
This situation is worse than what is presented in Table 4.6. In this case, the ratio of the 
Ganges/Gorai flow could be less than 0.03 in 2030. 

Considering a situation between the optimistic and pessimistic scenarios, Sarker and 
Koudstaal (1999) predicted that by 203 0 the average opening period for the flow would be 
limited to 4 months/year and that the average flood flow would be 2,000 mVsec only. 
Further extrapolation of the trend showed that by 2050 the situation would be worse with 
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almost no flow through the Gorai. The resulting salinity intrusion and drainage 
congestions in the Southwest region could create havoc for the environment in the 
Southwest region as well as in the Sundarbans. 

Table 4. 7. Different aspects that will influence the Gorai flow (2003-2030) in addition to the Farakka 
Barrage (without any interventions) 



Aspects 


Period 


Effect 


Planform 


2003-2010 






2011-2030 


+!- 


Severe upstream bank erosion along the 
right bank 


2003-2030 


+/- 


Existence of water-sharing treaty** 


2003-2026 


+ 


Existence/ Absence of water-sharing 

** 

treaty 


2026-2030 


+/- 



* ‘+/-‘ represents an uncertain situation. 

** The existing water-sharing treaty will expire in 2026. 



4.8 Discussion and Concluding Remarks 

A reliable quantification to assess the effect of any intervention on the river morphology of 
an alluvial river is difficult. It is indeterministic in the analytical point of view. Scarcity of 
upstream data makes the assessment even more difficult. On the other hand, availability of 
time series satellite images facilitates close monitoring of the changes in river planform. 

Lane’s qualitative model helps to explain the historical changes as well as the recent 
changes in the river. Although it was not possible to estimate the amount of sediment 
storage upstream of the Farakka Barrage, it can be said that there were some temporary 
storage upstream of the barrage which is partly liable for the increase in the sinuosity of the 
Ganges from the Farakka Barrage to the Hardinge Bridge. It is true that the Farakka Barrage 
is partly responsible for the net erosion that has occurred both in India and Bangladesh 
(Table 4.4), but it will not be possible to quantify the extent to which nature and the Farakka 
Barrage is each responsible for causing a net erosion of 1 7,500 ha during 1980- 1 999. 

Even, in a dynamic equilibrium system, a river is never restored to its previous 
condition due to the continuous changes in its boundary conditions over time (Richards, 
1 982). It is likely that the Ganges will not be restored to its pre-Farakka condition even when 
the equilibrium sediment transport establishes after filling the storage in the upstream of 
the barrage. Therefore, an exact prediction is not possible, even if it were possible to know 
the sediment storage. The only prediction that can be made is that the sinuosity will 
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decrease and a net accretion will occur along the Ganges from the Farakka Barrage to the 
Hardinge Bridge in the coming years. 

The reason for the sustaining of an unusually straight planform in the downstream of 
the Hardinge Bridge has remained unknown. The guide bunds of the Hardinge Bridge and 
the associated bank protection structures have a role in controlling the planform a few 
kilometers downstream of the bridge. This however, does not explain the behavior of the 
remaining 60 km in the downstream reach of the Ganges River. 

In addition to the unfavorable planform of the Ganges around the Gorai mouth, the 
changes in the hydraulic regime of the Ganges River brought about by the operation of the 
Farakka Barrage causes sedimentation at the mouth of the Gorai River. Different studies 
carried out over the last decades have come to the same conclusion that the shortening of 
the recession period of the Ganges River during the post-Farakka restricts the development 
of dry season channel through retarded scour and therefore the accumulated sediment 
remains at the mouth of the river during the monsoon. 

The planform of the Ganges River around the Gorai off-take has a significant impact 
upon the flow regime. Favorable and unfavorable planform changes might occur in a cyclic 
order. But no such evidences were observed from the presently available imagery data 
series of the last 30 years. In any case, the Gorai is not likely to be able to regain its 
pre-Farakka state. Considering all the factors that are involved in the processes of decrease 
in the Gorai flow, it can be assumed that in a situation of autonomous development, the 
river will die within the decade time-scale. Then again, different estimates based on 
different assumptions may yield different number of decades. 

It is most likely that there will be human interventions to restore the Gorai River for the 
sake of the overall environment of the Southwest region of Bangladesh as well as the 
Sundarbans, the world’s largest mangrove forest. During the last decades the morphology 
of the Gorai has changed in response to the changes in hydraulic regime. The changes 
include - raising the riverbed in the upstream reaches, reducing the bankfull width and 
increase in sinuosity in the downstream. In the future, the situation will be worsening and 
restoration of the Gorai flow through human interventions will be more difficult than present. 
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5.1 Introduction 

The diversion of Ganges water in India by the Farakka Barrage and other engineering 
structures has resulted significant changes in the hydrology of the Ganges River system in 
Bangladesh. The system is comprised of the main Ganges River; the Mahananda, an 
important tributary; and the Mathabanga and Gorai, two distributaries. The analysis of 
discharge data of the Ganges and Gorai Rivers discussed in Chapter 2 demonstrate a 
significant reduction of water supply in the dry season and a considerable increase in the 
monsoon. Reduction in dry season discharge in the Ganges system in Bangladesh has 
generated a series of hydro-environmental implications. 

The Ganges basin in the Southwest region of Bangladesh receives freshwater through 
two river systems: Gorai-Modhumati-Nabaganga and Mathabanga-Bhairab-Kobadak 
(Figure 5.1). They are also termed ‘inland rivers’ (Sir William Halcrow and Partners Ltd., 
1993). The Gorai-Modhumati-Nabaganga system, the most important, used to receive a 
significant amount of water from the Ganges River. The Bhairab is an ancient river system, 
which flows Southeast from the Ganges-Mathabanga to Khulna. The upper Bhairab has 
been declining for more than two centuries. The lower reach below Jessore remains active 
as the river becomes more tidal. For these river systems, rainfall is another source of 
freshwater mainly in the monsoon. These rivers also receive base flow in the dry season 
from ground water. Table 5.1 shows the rainfall, runoff and recharge rates in some selected 
drainage complexes in this region of Bangladesh. 

The Southern part of the region is dominated by tidal river systems: Raimangal, 
Malancha, Sibsa, Passur and Baleswar. The tidal wave propagates into the region through 
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Figure 5. 1. River systems of the Southwest Region of Bangladesh. 



these major tidal rivers. The speed of propagation in the rivers varies due to their different 
cross sectional areas and thus the water levels in adjacent rivers can differ. The tidal rivers 
contribute salinity intrusion in the region. Freshwater flows from upstream rivers check in 
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Table 5.1. Rainfall, runoff and recharge rates in some drainage complexes 



Drainage Con^lex Area Rainfall Runoff Ground Water Runoff 

(km^) (mm) (mm) Recharge (mm) Coefficient 



Upper Bhairab- 



Mathabanga 


1,510 


1,513 


Kaliganga-Kumar- 

Nabaganga- 

Chitra 


2,813 


1,709 


Begabati-Chitra- 

Bhairab 


2,142 


1,692 


Gorai-Madhumati- 

Chandana- 

Barasia 


2,068 


1,699 


Betna-Kobadak 


1,462 


1,656 



699 


504 


0.46 


732 


419 


0.43 


642 


503 


0.38 


792 


428 


0.46 


658 


561 


0.40 



Source: Sir William Halcrow and Partners Ltd., 1993. 

intrusion as well as lower the intensity of salinity. The river system of the Southwest region 
of Bangladesh starts to be affected by coastal saline water inflow in November, and reaches 
to a maximum in April and May in response to the magnitude water supply from the Ganges. 
It is therefore important to investigate the empirical relationship between the flow of the 
Ganges and Gorai Rivers and salinity in the region. The investigation will help to quantify 
the amount of water required to check salinity at suggested levels for various purposes. 
Using the empirical relationships for selected months, salinity levels are projected under 
the Ganges Water-Sharing Treaty (GWST) signed between Bangladesh and India in 
December, 1996 (see Annex I). 



5.2 Dynamics of River Salinity in the Southwest Region 

River salinity in the Southwest region of Bangladesh depends largely on the discharge of 
the Gorai. This is particularly true for salinity in the Nabaganga-Passur system through 
which most of the Gorai flow enters the Bay of Bengal. Through the lateral tidal movement 
and discharge distribution, the Gorai flow influences the salinity beyond the Rupsa-Passur 
system. During the monsoon, Gorai flow reduces the salinity close to the bay, influencing 
the salinity at the mouths of nearby large rivers like the Sibsa and Malancha. 

Salinity in an estuary is very much season dependent. Both monsoon and dry season 
flow of the Gorai River have effects on salinity. The monsoon flow of the Gorai reduces the 
salinity near the Bay of Bengal. Since 1988, the Gorai River had ceased to flow during the 
dry season. From mid May to early June, the river starts to flow with the increase of flow in 
the Ganges River. A very small flow (25 mVsec to 50 mVsec) can influence the salinity at 
Khulna and Mongla (Figure 5.2a), reducing the salinity downstream but this range of flow 
may not have any influence on the salinity at Hiron Point. Surface runoff generated from 
monsoon rain also has influence in reducing the salinity, but the Gorai flow is the main 




84 



M.M.Q. Mirza and M.H. Sarker 



contributor in this regard. When the Gorai flow reaches a range of 1 00 mVsec-200 mVsec, 
the salinity at Khulna reduces significantly. Salinity at Mongla remains about 1 ,000 m-mhos 
when the Gorai flow reaches 2,000 mVsec. With further increase in flow, salinity at Mongla 
becomes zero. 

Generally, an estuary reacts differently during increasing and decreasing discharges. 
The time lag between the increase of discharge from a steady state to another steady state 
and the corresponding changes in salinity is much less than the time required to increase 
the salinity due to the decreasing discharge from one steady state to another. Phase 
lagging between the increase of Gorai flow and the subsequent decrease in salinity would 
be small and could not be noticed from measured salinity. But the salinity at Hiron Point 
measured in a high temporal scale (hourly measurement) was found to react with the pulses 
of the flow (Figure 5.2b). It shows nearly a 15 days phase lagging. However, salinity at 
Hiron Point is not less than 2,500 m-mhos, even when the Gorai flow exceeds 6,000 mVsec. 

Since the late 1980s the Gorai River has stopped flowing from December to early May 
and the duration of no flow periods varied from 1 10 to 180 days a year from 1988 to 1998 
(EGIS, 2000). After the pilot priority works (dredging at the mouth of the Gorai River) the dry 
season flow was restored to some extent for 1999 to 2001. It has been found that the 
magnitude of the flood flow of the Gorai River does not have noticeable impact on the 
salinity at the Bardia, Khulna and Mongla. Rather, the period of continued flow during the 
dry season was the main factor. In 1988 the flood peak was more than 8,000 mVsec, but the 
Gorai stopped flowing at the end of November. The peak flow was about 5,000 mVsec in 
1986 and the Gorai continued flowing during the dry season though the magnitude was 
very small (minimum flow was 20 mVsec). The consequent impact on salinity was very 
significant especially at Bardia, Khulna and Mongla. In the former period monthly maximum 
salinity was several times higher at Bardia, nearly double at Khulna, and 70% higher at 
Mongla than the later period. Similar phenomena can be observed for the case of 
discharges in 1994 and 1997 and the subsequent salinity at the same locations (Figure 5.3). 

With the decreasing discharging at a certain stage (e.g. below 2,000 mVsec) the salinity 
of Hiron Point started to increase (Figure 5.2) in mid-October, while the salinity at Mongla 
started to increase in mid-November. The phase lag between the salinity build up from 
Hiron Point to Mongla was about a month. Figure 5.3 also shows the phase lag of 
increasing salinity between Mongla to Khulna and Khulna to Bardia. In both cases, the 
salinity at Mongla starts to increase in November or December, at Khulna in January and at 
Bardia in February. The salinity data shown in Figure 5.3 are the monthly maximum salinity. 
Therefore, it is very difficult to estimate the phase lag between these locations accurately. 
Preliminary assessment is that the phase lagging of increasing in salinity between Mongla 
to Khulna and Khulna to Bardia is about a month, implying that the time required to build 
up the salinity from Hiron Point to Bardia is more than three months. It should be mentioned 
here that the salinity at Bardia can be noticed only if the Gorai flow ceases in the dry 
season. 

To reach equilibrium salinity in a system or at a particular location from one steady 
state of discharge to another steady state takes several months to a year (Van Dam and 
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Schonfeld, 1 967), and varies from estuary to estuary (Savenije, 1 992). It is very difficult from 
the field data to estimate the time to reach the salinity at an equilibrium situation for a 
particular steady state of flow, since before reaching the salinity in equilibrium, a new 
steady state of discharge would disrupt the process. 
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Figure 5.2. Measured salinity at Hiron Point, Mongla and Khulna in 1991 by SWMC (predecessor 
of IWM) and the flow through the Gorai. 

In the Nabaganga-Rupsa-Passur system, a steady state of discharge (i.e. no flow 
during the dry season in the Gorai) persisted from 1988 to 1998 for a long time, averaging 
five months a year. The salinity at Hiron Point, Mongla, Khulna and Bardia (Figures 5.2 and 
5.3) shows a continuous increase of salinity for approximately six months or more. It would 
probably continue if the discharge of the Gorai or the local runoff generated from 
pre-monsoon rainfall (April-May) does not break the condition of the steady state of 
discharge in the system. However, it is a reasonable assumption that to reach equilibrium 
salinity for a steady state of discharge this system requires more than six months. 
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Figure 5.3. Influence of the monsoon and dry season flow of the Gorai River on the monthly 
maximum salinity at Mongla, Khulna and Bardia. 
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5.3 The Data 

For this study, hydrological and salinity data were collected from a number of agencies in 
Bangladesh. Temporal scale discharge data (1965-1998) were derived from the BWDB (2002) 
daily data set. For the Gorai River, daily discharge data obtained from the BWDB (2002) for 
the period 1 964- 1995. Station- wide monthly maximum salinity data (measured at 25°C) for 
various periods for the stations Bardia, Khulna, Goalpara Power Station, Chalna and Mongla 
(Figure 5.1) have been supplied by the Indo-Bangladesh Joint Rivers Commission. 
Measured salinity data used in Figure 5.2 were collected and processed by the Institute for 
Water Modeling (IWM) (formerly. Surface Water Modeling Center), Dhaka. 



5.4 Analytical Methods 

Four specific analysis were performed: (1) changes in salinity in the pre- and post-Farakka 
periods have been carried out; (2) effects of the reduced flow in the Gorai River on salinity 
were examined by fitting logarithmic equations to monthly mean discharge (for details see 
Chapter 2) and maximum salinity data at Khulna station. Discharge requirements for the 
Gorai River for the two threshold salinity levels for February, March and April were 
determined from the fitted equations. The corresponding discharge for the Ganges at 
Hardinge Bridge was determined from the linear regression relationships between the monthly 
mean discharge of the Gorai and Ganges Rivers under certain assumptions. The adequacy 
of the regression models was checked by standard methods; (3) analysis of ground water 
salinity were also reported; and (4) implications of the Ganges Water-Sharing Treaty on the 
salinity of Khulna station were examined. 



5.5 Reduced Dry Season Flow and Effects on Salinity 

5.5. 1 SURFACE WATER SALINITY 

A vast network of rivers in the Southwest region of Bangladesh is dependent on the water 
supply through the Gorai River (Figure 5.1). Water from this river is used for irrigation, 
industry and urban water supply. Most importantly, the Gorai River flow opposes away the 
saline waterfront in the Passur River, near Khulna. Monsoon flow is adequate for repelling 
the salinity intrusion. The dry season flow of the Gorai River is most critical in controlling 
salinity in a large part of the Southwest region of Bangladesh. 

Generally, with the decrease of the Gorai flows, the average salinity at Khulna and 
adjacent areas starts to increase. During spring tides, a very large increase in salinity is 
noticed. Stronger spring tides push more saline water into the Rupsa-Passur River, but 
during the following neap tide, the salinity is not totally flushed out. Therefore, a 
successive build up of salinity occurs with each tidal cycle, which requires sufficient 
supply of water from the Gorai River to flush it out (MPO, 1987). 
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During the post-Farakka period, salinity in this region of Bangladesh increased 
significantly (Table 5.2). For example, at the Khulna station, the average monthly maximum 
salinity for April in the pre-Farakka period was 1 ,626 micro-mhos/cm (hereinafter referred to 
as m-mhos/cm). During 1976, when the Gorai discharge declined to 0.5 mVsec from 
its pre-Farakka average of 190 mVsec, maximum salinity in April increased to 
13,000 m-mhos/cm. The Farakka Barrage was commissioned in April 1975 and India 
unilaterally withdrew water from June 1975 to November 1977. Note that natural causes, 
which influence the inter-annual variations of salinity might also have had some effect. 

The salinity situation started to improve after the signing of the 1977 Ganges Water 
Sharing Agreement. When the Second MOU expired in 1988, the salinity situation again 
deteriorated. The 500 m-mhos/cm salinity front moved 241 km from the coast in 1986 (MPO, 
1986) to 280 km in 1992 (Khan, 1993). The highest salinity ever recorded was in 1992 for 
February, March and April when the flow in the Gorai River was zero. The April salinity rose 
to 29,500 m-mhos/cm, 1 ,800% higher than the pre-Farakka average. 

How much river flow is required to keep salinity at tolerance levels for agriculture and 
human consumption? In order to determine the required flows, an empirical analysis has 
been conducted. The monthly maximum salinity at Khulna station, and monthly mean 
discharge at Hardinge Bridge for the Ganges River, and at Gorai Railway Bridge for the 
Gorai River, were considered for the empirical analysis. The analysis was accomplished in 
two stages. 

(1) Monthly salinity was plotted against monthly mean discharge, which demonstrated 
a non-linear relationship. Bluhdom and Arthington (1995) also reported a non-linear 
relationship between discharge and salinity while assessing the effects of regulation for 
Barker Creek in Australia. Regression analysis were conducted for three critical dry months 
- February, March and April and are shown in Figure 5.4. 

Statistica''^'^ software was used to fit the non-linear relationship between monthly mean 
discharge of the Gorai River and the maximum salinity at Khulna station. The model 
{S = aj + a^ *logjQ(Q)} parameters were determined using the least square estimation 
procedure as it aims to minimize the sum of the squared deviations of the observed 
values for the dependent variable from those predicted by the model. Quasi-Newton 
estimation procedure^ was used to minimize the least square loss function 
{ Loss = (Observed-Predicted)^ } . Convergence criterion was fixed at 0.000 1 . The non-linear 
regression models’ parameters, standard errors and R^ values are shown in Table 5.3. 



‘ The slope of a function at a particular point can be computed as the first-order derivative of the 
function at that point. The “slope of the slope” is the second-order derivative, which tells how fast 
the slope is changing at the respective point, and in which direction. The Quasi-Newton method, at 
each step, evaluates the function at different points in order to estimate the first-order derivatives and 
second-order derivatives. It then uses this information to follow a path towards minimum of the loss 
function. 
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Figure 5.4c. 

Figure 5.4a, b, and c. Empirical relationship between monthly mean discharge (mVsec) at Gorai 
Railway Bridge for the Gorai River and monthly maximum salinity (m-mhos/cm). Source: Mirza, 
1996, Environmental Management 22(5), 711-722. Reproduced with the permission of 
Springer- Verlag New York Inc. 

Table 5.3. Parameters, standard errors and R^ values for the salinity prediction models 



Month 


Model Parameters 


Standard Error 






ai a2 


ai a2 





January 


4,450.0 
0,8 = 8.50) 


-1,756.5 

0i8=-3.93) 


524.0 


261.0 


71.6% 


February 


7,480.4 
020= 12.70) 


-2,913.5 
020 = -8.97) 


588.9 


324.7 


80.1% 


March 


14,155.2 

0,9=10.98) 


-5,381.8 
0,9 = -8.90) 


1,001.1 


1,143.9 


80.0% 


April 


20,677.7 

0,9=10.98) 


-7,936.3 
0,9= -6.94) 


1,882.2 


1,143.9 


72.0% 


May 


27,726.3 

020=7.67) 


-10,427.0 
020 = -5.5) 


3,617.1 


1,898.1 


60.1% 



The t-values for the model parameters indicate that they are significantly different from 
zero. The values are reasonably high which demonstrate that discharge of the Gorai 
River has explained most of the variance of the salinity. The parameters, standard error, and 
R^ values show the adequacy of the models to predict salinity at Khulna station. As a 
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further check, normality of the models residuals was also examined. Although the patterns 
(not shown here) do not exactly fall on a straight line, Shapiro-Wilk test confirms that the 
residuals are normally distributed (except for February). 

(2) The correlation between monthly mean discharge for the Ganges River at Hardinge 
Bridge and the Gorai River at Gorai Railway Bridge was checked and found to be significant 
at the 95% confidence level. Then, linear regression relationships between monthly mean 
discharge for the Gorai and the Ganges Rivers were developed for the three months of the 
dry season (February- April). The results of the regression analysis are presented in 
Table 5.4. No observations were deleted from the sample. The low R^ values for March and 
April are possibly due to some unusual observations for the Gorai River in the 
post-Farakka period. For all regression equations, high t- values for the slopes indicate that 
they are significantly different from zero. The F-test for the significance of regression was 
also conducted (Draper and Smith, 1981). At the 95% confidence level the F values also 
indicate that slopes are non-zero. The residuals were checked by the standard procedures. 
The residual plots demonstrated a homoscedastic pattern. Additional checks were made 
by normal probability plots (Cook and Wesberg, 1982). These checks confirmed the 
normality of the residuals. Therefore, while there may be limitations to the explanatory 
power of the regression models, they are considered adequate to estimate the discharge 
requirements for the Gorai River for any given salinity levels. 

Table 5.4. Summary of the linear regression relationship between monthly mean discharge of the 
Gorai and the Ganges Rivers 



Month 


Intercept 


Slope 




F 


February 


-49.1 


0.098 (t = 4.89) 


0.49 


F,,25 = 24.00 


March 


-20.6 


0.159 (t = 3.78) 


0.36 


F,,25= 14.35 


April 


-51.00 


0.101 (t = 3.41) 


0.32 


F.,25= 11.70 



Two salinity thresholds are considered in estimating the discharge requirements in the 
Gorai and Ganges Rivers. FAO (1976) recommended a 750 m-mhos/cm salinity level for 
irrigation. However, MPO (1987) accepted a level of 2,000 m-mhos/cm for the worst case 
scenario. The former threshold is also permissible for human consumption. 

The discharge requirements resulting from the analysis indicate that in order to keep 
salinity below either of the threshold limits at Khulna, it is required that April has the 
highest discharge of 240 mVsec and 158 mVsec as opposed to the current 52 mVsec 
(Table 5.5). The estimated requirements are consistent with the pre-Farakka mean monthly 
discharge of the Gorai and Ganges Rivers. The analysis demonstrates the requirement of 
increased flow for the Ganges River at the Hardinge Bridge by as much as 1 ,844 mVsec over 
the 1,044 mVsec. The possible implications of increased salinity are discussed in the next 
sub-section. 
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Table 5.5. Monthly mean discharge (in mVsec) requirements for the Gorai and the Ganges Rivers to 
limit maximum salinity at 750 m-mhos/cm and 2,000 m-mhos/cm at Khulna 



Month 


Present 

Discharge 


Gorai River 
750 2,000 

m-mhos/cm m-mhos/cm 


Ganges River 
750 

m-mhos/cm 


2,000 

m-mhos/cm 


February 


64 


187 


78 


2,015 


1,466 


March 


46 


201 


125 


1,951 


1,573 


April 


52 


240 


158 


1,844 


1,585 



5.5.2 GROUND WATER SALINITY 

Rahman et al (2000) analyzed the surface water salinity in the Southwest region of 
Bangladesh in the context of reduced flow in the Ganges and Gorai Rivers. Figure 5.5 shows 
the relationship between surface and ground water head of the Khulna and Mongla Port 
areas. It is evident that both the surface and ground water head maintain a simple harmonic 
pattern (i.e., conformity between surface and ground water levels). They also found a 
remarkable variation with time in the ground water quality. 

During the months of January, March and May, there is a progressive/gradual decline 
in both surface and ground water head, which has an influence on the quality of ground 
water. A gradual deterioration of ground water quality was observed in the water samples 
taken from shallow and deep tube wells in the study area. Distribution of samples in the 
Piper tri-linear diagram during January ( 1 993) implies that alkalis exceed alkaline earths in all 
the ground water samples (Figure 5.6). However, four samples (5, 6, 8 and 11) that fall within 
filed-g are non-carbonate alkali type (primary salinity). This means their chemical 
properties are dominated by alkalis with high Cl’ and SO^^’ content and water is Na-Cl type. 
Sample number 1 was collected during January and March and they fall within field-d, 
which indicates carbonate hardness and its chemical properties are dominated by alkaline 
earths and weak acids. Samples collected from the same location in May fall within field-g, 
which indicates non-carbonate alkali and means that its chemical properties are dominated 
by alkalis and strong acids (Figure 5.6). Ocean water and many brines fall in this area near 
the right-hand vortex. Some samples (2, 3, 4, 7, 9 and 10) from January, some from March 
(3, 9, and 10) and some from May (3, 9, and 10) fall within field-f (Figure 5.6), which indicates 
alkaline water where carbonate alkalis (primary alkalinity) exceeds 50% and gives ground 
water’s that are inordinately soft in proportion to the content of dissolved solids (Piper, 
1 953). The rest of the samples of different time periods are characterized by their position in 
the field-g. Samples that fall within field-g have already attained seawater status and are a 
warning of the severity of the seawater intrusion problem in the study area. The overall 
distribution of the analyzed samples in the piper diagram implies that the ground water of 
the study area has medium to high salinity, which means that the ground water is 
contaminated by mixing with saline water from the Bay of Bengal. 
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Figure 5.5. Relationship between surface and ground water head. Source: Rahman et al, 2000, 
Environmental Geology 40(1-2), 31-40. Reproduced with the permission of Spinger-Verlag New 
York Inc. 



5.6 Projection of Salinity under the Ganges Water-Sharing Treaty 

Bangladesh and India signed a 30-year Treaty in December, 1996 to share the dry season 
(January-May) flow of the Ganges River at Farakka (Dixit and Mirza, 1 997). For the sharing 
purposes, each month is divided into three 10-day periods. The average flow at Farakka for 
the period 1949-1988 was considered for sharing. The sharing arrangement (Table 5.6) is as 
follows: if the Ganges flow at Farakka is 1 ,984 mVsec (70,000 ftVsec) or less, both countries 
are to receive 50%; with a flow between 1,984 mYsec and 2,126 mVsec (70,000 ftVsec and 
75,000 ftVsec). Bangladesh receives 992 mVsec (35,000 ftVsec), and India receives the rest 
subject to the condition that India and Bangladesh each shall receive guaranteed 
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992 mVsec of water in alternative three 10-day periods during the period March 1 to May 
10; with a flow of 2,128 mVsec or more, India receives 1,134 mVsec (40,000 ftVsec) and 
Bangladesh receives the balance. Table 5.7 shows the quantity of water Bangladesh and 
India are likely to receive under the above mentioned sharing formula. 



Expl^anaiioit cif leitns used in Lhe diagram: 

Normal alkaline earths walcr 
a = mainly bicarbonate 
b - bkarlMnate to sulfate 
c - mainly sulfaU' 

Alkaline eartli ^^ater with higher alkali content 
d — mainly bicarbonate 
e = niaLnly sulfate 

Alkali water 

f = mainly (bi)- carbonate 
g = mainly sulfate - chloride 




(C) 

Vo of total tneq/l 



Figure 5. 6. Modified Piper tri-linear diagram showing the changes in the water quality of the study 
area with time: A January; B March; and C May. Source: Rahman et al, 2000, Environmental 
Geology 40(1-2), 31-40. Reproduced with the permission of Spinger-Verlag New York Inc. 
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Table 5.6. Discharge thresholds and share of water for India and Bangladesh in the 1996 Ganges 
Treaty* 



Availability at Farakka 


Share of India 


Share of Bangladesh 


70,000 cusecs or less 


50% 


50% 


70,000-75,000 cusecs 


Balance flow 


35,000 cusecs 


75,000 cusecs or more 


40,000 cusecs 


Balance flow 



* See Annex I for the Treaty. 

For projecting salinity at Khulna station, mean monthly discharge values under the 
Treaty were calculated by averaging the share of Bangladesh in the 10-day periods in a 
given month from column 4 of Table 5.7. Using the empirical models developed earlier, 
projected salinity (subject to the condition of presence of discharge in the Gorai in the dry 
season) levels at Khulna station for various months of the dry season are shown in 
Table 5.8. The table also shows discharges at Gorai River corresponding to the discharges 
at Hardinge Bridge agreed upon in the Ganges Water-Sharing Treaty. 

During 1989-1996, there was no water-sharing arrangement between India and 
Bangladesh for the Ganges. Data available for the period 1 989- 1 992 show that mean values 
ofmaximum salinity were 2,600 m-mhos, 6,813 m-mhos, 14,088 m-mhos, 21,666 m-mhos and 
20,975 m-mhos, respectively for January, February, March, April and May. Therefore, if 
discharge values of the Treaty occur and the natural flow of the Gorai River is restored, 
maximum salinity at Khulna may be reduced by an average of 71%. Apart from the Gorai 
River discharge, other factors also influence salinity. It fluctuates semi-diumally in a period 
of about 12 hours due to flood and ebb tides. Salinity varies fortnightly due to spring and 
neap tides. Astronomical and meteorological factors influence long-term trends. 



5.7 Implications of Increased Salinity^ in Bangladesh 

The diversion of Ganges water at Farakka and upstream has caused increased river salinity 
in the Southwest region of Bangladesh to intrude further inland. This has caused 
cascading effects for agriculture, forestry, industry and drinking water, as shown in 
Figure 5.7. Evidence suggests these sectors have suffered significantly as a result of 
salinity changes in recent years. A brief analysis of the effects is reported below. Details of 
the losses are discussed in Chapter 7, 9 and 12 on ecosystem, agriculture and vulnerability, 
adaptation and coping mechanisms. 



^ This section has been reproduced with some modifications from Mirza (1996), Environmental 
Management 22(5), 711-722 with the permission of Springer- Verlag New York Inc. 
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Period 


Average of 
1949-1988 
flow* 


India’s 

share* 


Bangladesh’s 

share* 


January 1-10 


3,048 


1,134 


1,914 


11-20 


2,769 


1,134 


1,635 


21-31 


2,556 


1,134 


1,422 


February 1-10 


2,447 


1,134 


1,313 


11-20 


2,349 


1,134 


1,215 


21-28/29 


2,242 


1,134 


1,108 


March 1-10 


2,109 


1,117 


992 


11-20 


1,954 


962 


992 


21-31 


1,834 


992 


841 


April 1-10 


1,791 


799 


992 


11-20 


1,775 


992 


783 


21-30 


1,729 


737 


992 


May 1-10 


1,909 


992 


917 


11-20 


2,086 


1,094 


992 


21-31 


2,320 


1,134 


1,186 



* In the Treaty, the flow was shown in ftVsec. 



Table 5.8. Projected salinity under the Ganges Water-Sharing Treaty 



Month 


Discharge 
(mVsec) of the 
Ganges in the 
Treaty 


Discharge (m^/sec) 
of the Gorai 


Maximum salinity 
(m-mhos/cm) 


January 


1,649 


104 


908 


February 


1,219 


70 


2,110 


March 


939 


129 


2,802 


April 


922 


42 


7,755 


May 


1,037 


135 


5,517 





(N 

(N 

r- 
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5.7.1 AGRICULTURE 

All rice paddy varieties in Bangladesh are very sensitive to increases in water and soil 
salinity. Tolerance of rice paddy varieties to salt concentration is reduced sharply when the 
electrical conductivity exceeds 2,000 m-mhos/cm. For example, at 6,000 m-mhos/cm, the 
growth of plants (expressed in terms of weight) drops to below 50%. At 16,000 m-mhos/cm 
conductivity, crop yields approach zero (MPO, 1986) (Table 5.9). Salinity causes 
substantials harms to young plants which are less resistant to salt. The yield of rice is 
affected at the transplant stage using irrigation water with a salt concentration of only 
one-tenth that causes yield reduction after the panicle or the head of the crop emerges 
(Hussainy, 1987). 

5.7.2 FORESTRY 

An extensive network of tidal rivers and streams and small drainage channels has 
crisscrossed the Sundarbans (Figure 5.1). Four mangrove species are dominant in the 
Sundarbans. They are: Sundari (Heriteria fomes), Gewa (Excoecaria agallocha), Keora 
{Sonneratia apetala), and Goran {Ceriops decandra). These species require fresh water as 
well as saline water supplies for their regeneration and growth. The most diverse ecology 
in the Sundarbans is associated with the Sundari habitat, for which the optimum surface 
water salinity lies between 1 0 ppt and 1 5 ppt. High saline water is not good for the Sundari 
growth. Above 20 ppt Sundari growth and regeneration are poor (Khan and 
Vongvisessomjai, 2002). 

The adverse effects of increased salinity on the ecosystem of the Sundarbans 
(Figure 5.1) is displayed by the dying tops of Sundari {Heriteria fames) trees, retrogression 
of forest types, slowing of growth of forest, and reduced productivity of forest sites (MPO, 
1 986). However, increases in salinity alone may not be responsible for the top dying of the 
Sundari trees (see Chapter 7 for details). This may be caused by a synergic effect of a 
number of factors including: salinity, sedimentation, water logging, cyclone damage, and 
accumulation of toxic elements from agricultural wastes and port discharge (Sir William 
Halcrow and Partners Ltd., 1993). Of these factors, observations demonstrate increases in 
salinity and sedimentation in the coastal rivers/creeks in the post-Farakka period. 
Information on other factors is not available although they might have some contributions 
to top dying of Sundari. 

The economic loss suffered from the Sundari trees is reported to be substantial. In the 
period 1975-1995, an estimated US$ 320 million timber loss was reported from effects of 
Farakka Barrage (Swain, 1996). 

5.7.3 INDUSTRY 

Most of the industries in the Khulna region are reported to have suffered from the increase 
in salinity (Rahman, 1984; Swain, 1996). The losses resulted due to increased cost of 
freshwater importation, frequent leakages of condensers due to uses of saline water and 
production loss and disruption of power supply from the Goalpara Power Station (Rahman, 




Table 5.9. Classification of coastal salinity 
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Source : BARC, 1990. 




Effects on Water Salinity 



101 



1984). From December 1975 to June 1976, lECO (1977) estimated that the increased salinity 
caused industrial losses of US$ 8 million. During the period 1976-1993, the total loss in the 
industrial sector was estimated to be US$ 37 million (Mirza, 1 996). 

5.7.4 DRINKINGWATER 

Surface and ground water used for drinking purposes have become unfit for human 
consumption over a large area of the Southwest region since the recommended salinity 
level has exceeded 960 micro-mhos/cm for potable water (MPO, 1 987). As a large section of 
the population is not served by treated water supplies, they are often exposed to and 
affected by diarrhoeal diseases (Sir William Halcrow and Partners Ltd., 1 993). Colwell ( 1 996) 
reported the growth of V, cholerae (a marine vibrio) in water of low salinity and high 
temperature in presence of high concentrations of organic nutrients (nitrogen and 
phosphorus) in the inland coastal areas of Bangladesh. Whether the progression of the 
saline water front further inland and deterioration of environment in the post-Farakka 
period have exposed people to more diarrhoeal diseases still needs to be comprehensively 
investigated. 



5.8 Conclusions 

The diversion of the Ganges water at Farakka and its upstream has contributed to increases 
in salinity in the Southwest region of Bangladesh. Over the years, the increased salinity 
has caused considerable adverse effects on the agriculture, forestry, industry and drinking 
water sectors. 

Despite signing of a 30-year Treaty on sharing the dry season flow of the Ganges at 
Farakka, the discharge situation in the Gorai River has not improved due to severe siltation 
at its mouth. In the late 1990s, the Government of Bangladesh decided to make physical 
intervention to remove the blockage at the mouth. Accordingly dredging activities were 
conducted in the monsoon seasons of 1998, 1999 and 2000. The dredging activities 
restored dry season flow of the Gorai River temporarily, and was concluded that continued 
dredging was required to maintain dry season flow of the Gorai River (Groot and Groen, 
2001). However, this is technically and financially infeasible (for details see Chapter 12 on 
vulnerability, adaptation and coping mechanims). 

The analysis carried out in this chapter demonstrates the need to increase the 
discharge of the Ganges River at Hardinge Bridge during the dry months in order to limit 
salinity in the Southwest region at certain threshold limits. It is also required to restore the 
natural flow of the Gorai River by removing blockage at its mouth (discussed in Chapter 12 
on vulnerability and adaptation). Sir William Halcrow and Partners Ltd. ( 1 993) recommended 
physical intervention by building a control structure at the Gorai mouth and a barrage 
across the Ganges River in order to increase water supply to the Southwest region of 
Bangladesh. 
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6.1 Introduction 

River Ganga (Ganges), the most important river system in India and one of the largest 
(2,525 km) in the world, drains about one fourth area of the country. It has an annual runoff 
of about 493 km^ and carries 616x10^ tonnes of suspended solids to the Hooghly Estuary 
(Qasim et al, 1988). River Ganga is considered as the second major river of the world in 
terms of suspended load and is the main contributor of sediments to the Bengal fan, which 
is the largest deep sea fan in the world (Lisitzin, 1972). 

After traveling for about 2,075 km in hills and plains in the states of Uttar Pradesh, 
Bihar and West Bengal, river Ganga divides into two distributaries, Bhagirathi and Padma, 
in the district of Murshidabad in West Bengal (Figure 6.1). The main channel (river Padma) 
flows in South-Easterly direction, through Bangladesh where it meets rivers Brahmaputra 
and Meghna, finally leading to the Bay of Bengal. The other distributary, river Bhagirathi, 
flows through West Bengal (India). It meanders for about 1 50 km through Behrampur and 
Katwa before it is joined by a tributary (river Jalangi) near Nabadwip. Below this confluence 
the river flows under the name of Hooghly, through Kolkata (formerly Calcutta) and 
Diamond Harbor and finally reaches its destination (Bay of Bengal). During the course of 
its 300 km run from Nabadwip to sea face, the Bhagirathi-Hooghly river system receives 
water from some of its tributaries (rivers Chumi, Damodar, Rupnarayan and Haldi) and 
begins to spread into many small distributaries, forming the great Gangetic Delta. The 
entire Gangetic Delta circumscribes extensive marshy area, called the Sundarbans, having 
the world’s largest mangrove vegetation. The Hooghly-Matlah estuarine system, located 
between 2U-24'' N latitude and 88‘"-89'" E longitude, is the largest among the estuaries of 
Indian coast. It extends for 300 km from North to South and 1 50 km from East to West. The 
entire estuarine system is estimated to be about 8,029 sq. km and the total area of Sundarbans 
estuarine water is about 2,340 sq. km (in India). 

With the passage of time, heavy siltation, just below the point of its origin, deprived 
river Bhagirathi of adequate water discharge from the parent river Ganga. This resulted in 
low freshwater discharge in the Hooghly River and threatened the navigability of Kolkata 
Port. To overcome the situation and regulate water discharge, Farakka Barrage, 2.58 km in 
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length with 109 bays (approx. 237 m each), was constructed on river Ganga at the border of 
Malda and Murshidabad Districts of West Bengal (India), just above its division into rivers 
Padma and Bhagirathi. The barrage was commissioned in April 1975 and since then water 
from river Ganga directly feeds river Bhagirathi through a man-made feeder canal 
(Figure 6.1). The feeder canal is 41 km long and 300 m wide and has lock gates. This has 
increased the volume of freshwater discharge, to the desired level, in river Bhagirathi, and 
consequently the Hooghly River and its estuary. Resultant to the increased freshwater 
discharge, the present active tidal regime in Hooghly Estuary is felt only up to a distance of 
about 200 km from sea face, which was up to a distance of about 300 km during pre-Farakka 
Barrage period. 

Hydrobiology and fishery of Hooghly-Matlah Estuary has been regularly monitored 
by CIFRI (Central Inland Capture Fisheries Research Institute, Barrackpore, West Bengal, 
India) since the Institute’s inception in 1947. Important published information on 
hydrobiology and fishery of this estuary, relating to the period before the commissioning 
of the Farakka Barrage, are by Dutta et al. (1954), Bose (1956), Shetty et al. (1961), 
Gopalakrishnan (1971), Dutta et al. (1973), Saha et al. (1975), and Jhingran (1991). 
The observations of Nandy et al. (1983) pertain to the period immediately after the 
commissioning of the barrage (May, 1975 to April, 1977) and indicate the initial disturbed 
condition of the estuary, which continued to fluctuate towards stability. Sinha et al. (1996) 
have enumerated the status of hydrobiology and fishery of the Hooghly-Matlah Estuary 
during the period 1982-1992 and summarised previous studies to document the resultant 
changes in the system. CIFRI, during 1 995-1 996, through an exploratory survey monitored 
the environment and fishery of the entire stretch of river Ganga (from its origin to sea). The 
result of this exhaustive survey is presented in the Institute’s publication (Sinha et al., 
1998). Of the 43 centers selected for investigations, ten (Nabadwip, Krishnagar, Tribeni, 
Titagarh, Dakshineswar, Uluberia, Roychowk, Haldia, Kakdwip, and Frazerganj) were on 
the main Hooghly Estuary, and six (Bhagabatpur, Moipeeth, Canning, Jharkhali, Bagna, 
and Hasnabad) on the adjoining estuaries (Figure 6.2). 

Some other information on hydrobiology and fishery of Hooghly Estuary in the 
post-Farakka Barrage period is also available in Haider et al. (1987), De et al. (1989), 
Bagchie^a/. (1994), Dee^ a/. ( 1 994), De and Sinha (1 997), De( 1998), Sinha and De(1998> 
Mitra et al. (1997 and 2001) have given complete account of fishery of Hooghly-Matlah 
Estuary during the periods 1984-1985 to 1993-1994, and 1994-1995 to 1999-2000. The 
account of impact of Farakka Barrage on the hydrology and fishery of Hooghly Estuary, 
narrated below, is based on the information collected from the above said publications, the 
Annual Reports of CIFRI and personal observations. 



6.2 The Impact 

River course modifications always bring about a change in the hydrobiology and fishery of 
the river concerned, both upstream and downstream. In most of the cases its effect on 
fishery of the river is adverse. Construction of Farakka Barrage has adversely affected the 
fishery of river Ganga in its upstream, especially of the migrant fish population. But the 
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Figure 6.1. Map of India showing the location of Ganga, Bhagirathi, Hooghly River, Padma River, 
the Farakka Barrage, and the Feeder Canal (Sinha et al., 1996). 

fishery of downstream, especially of Hooghly Estuary has shown a continued upsurge 
after the commissioning of the barrage. It is an accepted fact that the volume of freshwater 
discharge determines the salinity distribution (Ketchum, 195 1) as well as the vertical and 
horizontal physical structure (Pritchard, 1955) of any estuary. Salinity is the key 
determinant of all other environmental characteristics of an estuary, including the 
occurrence and abundance of organisms within it (Gouda, 1996). It can, thus be said that 
freshwater is the major determining factor for hydrology and fishery of any estuarine 
system (Dutta et al., 1973). Commissioning of the Farakka Barrage has substantially 
increased the freshwater discharge in Hooghly Estuary. The increased flushing of river 
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Bhagirathi, and consequently Hooghly, with by-passed freshwater from Ganga, has 
naturally resulted in major changes in ecology and associated chemistry of this estuary. 
Concurrently, significant structural changes in all biological parameters including the 
fishery resources as well as fishing patterns have also emerged. According to Jhingran 
(1991), among various hydrological parameters, salinity and temperature are the most 
significant factors in determining the fishery of the Hooghly Estuary. Nandy et al (1983) 
observed no significant changes in the temperature gradient of Hooghly Estuary even after 
commissioning of the Farakka Barrage. Thus, Sinha et al ( 1 996) singled out salinity as the 
principal impact of the Farakka Barrage on the hydrology of Hooghly Estuary. 

6.2.1 SALINITY 

Hooghly Estuary was initially divided into four arbitrary zones (Figure 6.2) by CIFRI in the 
early fifties for the purpose of hydrobiological observations and estimation of fish 
landings (Jhingran, 1991). The zones were: Zone I - extending ffomNabadwip to Konnagar, 
Zone II - extending from Konnagar to Diamond Harbor, Zone III - extending from Diamond 
Harbor to the mouth of the estuary including the entire lower Sundarbans, and Zone IV - 
including the estuarine zone of the Rupnarayan River. The biological properties, salinity 
characteristics, temperature, turbidity and the nature of fauna of these zones were studied 
later and the zonations came to be regarded as biological zonations: freshwater, true 
estuarine, marine and estuarine zone of Rupnarayan, respectively (Gopalakrishnan, 1971). 
For the purpose of description hereafter the above zonations have been followed. 

Maximum, minimum and mean salinity values for each zones, observed during various 
years, are shown in Table 6. 1 . The data indicates a significant drop in salinity values, along 
the entire stretch of the estuary immediately after construction of Farakka (1975-1977). In 
Zones I and IV, after a sudden decrease in salinity during 1975-1977 (immediately after 
increased flushing) a gradual rise in salinity was observed. Until 1988-1992 both these 
zones remained to be freshwater throughout the year. Even during 1994-1998 the average 
annual salinity of Zone I remained within freshwater limits. The maximum salinity values of 
Zone IV still remains to be at low euryhaline level throughout the year, unlike the period 
prior to 1975. In the case of Zones II and III, the decline in salinity continued up to 
1982-1987 and, thereafter, showed a slow increase during 1988-1992 and 1994-1998. The 
higher minimum values and higher averages in these zones since 1982-1987 than in 
previous years indicate that higher salinity values are being maintained for a considerable 
period of time now in these two zones. 

Maximum salinity values, observed during the course of year, at five stations in the 
estuary during pre-Farakka period (1959-1967) and post-Farakka periods (1975-1977, 
1 982- 1 987, 1 987- 1 992 and 1 995-1 996) are shown in Figure 6.3 . It is evident from the same 
observations that it decreased at all the five stations immediately after construction of the 
Farakka Barrage (1975-1977). Thereafter, during 1982-1987, 1988-1992 and 1995-1996, the 
observed trend was of slow increase in salinity at Nabadwip and Barrackpore stations. But 
at the remaining stations downstream (Uluberia, Diamond Harbor and Kakdwip) the 
salinity declined during this period. It is apparent from the above that presently the 
freshwater zone in this estuary extends up to Diamond Harbor and the gradient (true 
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Figure 6.2. Map showing the zonation of Hooghly-Matlah Estuary, used to describe its ecology and 
fishery. The centers were surveyed during 1995 to 1996. 

estuarine zone) up to Kakdwip. The marine zone of the estuary starts only below Kakdwip. 
Thus, it can be inferred that as an impact of increased freshwater discharge in the Hooghly 
Estuary, its fresh, true estuarine and marine zones have changed and are presently as 
shown in Figure 6.4. 
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6.2.2 PLANKTON 

Available detailed account of plankton concentrations and their composition 
(freshwater, euryhaline and marine forms) during pre- and post-Farakka Barrage periods are 
given by Sinha et al. (1996). Table 6.2 shows the average plankton concentrations (units/1) 
in different zones of this estuary during pre-Farakka (1959-1962) and post-Farakka 
(1975-1977 and 1985-1991) periods, as given in the said publication. 




Figure 6.3. Maximum salinity values (%) at various sampling stations of Hooghly Estuary during 
different years of observation (Sinha et al., 1996 and 1998). 

It is evident from this table that environmental changes due to construction of the 
barrage resulted in an initial increase in plankton densities in Zones I, II and IV, while in 
Zone III it was just the reverse. But after about a decade (1985-1991), the plankton densities 
in Zones I and II recorded a steep fall while a sharp increase occurred in Zone III. In 
Zone IV an increasing trend in plankton density continued throughout. 

The sudden increase in plankton densities in Zones I, II and IV, immediately after the 
commissioning of the Farakka Barrage, was probably due to inundation of previously 
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exposed fields that had earlier or agricultural crops or natural vegetation. Organic wastes, 
accumulated through years when these fields were dry probably added to the water 
productivity. After gradual urilisation of these nutrients the productivity was restored to 
normal and subsequently decreased due to increased dilution. The reverse trend observed 
in Zone III may be due to increased water discharge, with not much inundation of sides, 
resulting in the initial dilution of the plankton population. With a time lag for the export of 
allochthonous nutrients from the upper zones, the plankton concentration of Zone III 
showed a sharp increase during 1985-1991, several years following construction of the 
barrage. According to De (1998), the plankton densities during 1996-1997 were observed as 
920 units/liter, 414 units/liter and 1267 units/liter in Zones I, II and III respectively, 
indicating an overall upward swing in plankton concentration. 

The species diversity and distributional pattern of plankton in different zones of 
Hooghly Estuary before construction of the Farakka Barrage has been given by 
Gopalakrishnan (1971) and Saha et al. (1975). The zone-wise species diversity and 
distributional pattern of plankton in the post-Farakka period have been described by 
Nandy et al. (1983) for the period 1975-1977 and by Sinha et al. (1996) for the period 
1985-1991. Sinha et al. (1998) have also given a list of plankton in Hooghly Estuary 
encountered during 1995-1996 survey, but have not classified the availability into four 
zones or types (freshwater, euryhaline and marine). 

According to Gopalakrishnan (1971), during pre-Farakka period the species diversity 
(Table 6.3) was high (79 types). All three forms (freshwater, euryhaline and marine) of 
plankton (53 species) were available in Zone I with their percentages being 54.7%, 35.8% 
and 9.5%, respectively. In Zone II from the 67 forms encountered, 36.8% were freshwater, 
41 .2% euryhaline and the remainder marine. The 50 varieties of plankton in Zone III were 
mostly marine (42%) and euryhaline (40%) types, with a few (18%) freshwater forms. 
Plankters encountered in Zone IV (50 types) were composed of 32% freshwater forms, 
42% euryhaline forms and 26% marine forms. 

Sinha et al. (1996) encountered much lower species diversity (58 types) during 
post-Farakka period (Table 6.3) than those encountered by Gopalakrishnan (1971) before 
commissioning of the barrage. Of the 44 types encountered in Zone I, 27 (61.4%) were 
freshwater and the rest euryhaline. The total types of plankton in Zone II were less (40) 
than in Zone I. The plankton composition in Zone II was also different from Zone I. 
Twenty-one types (52.5%) were freshwater, 15 (37.5%) euryhaline and 4 (10%) marine 
plankters. This means that Zone II had a 8.9% decline in freshwater forms and equal 
increase in euryhaline and marine forms than that of Zone I. Environment nearer to the 
mouth of estuary (Zone III) harbored much lesser variety of plankton (33), mostly 
marine/euryhaline. The 41 types of plankton encountered in Zone IV could be divided 
among three forms which were as follows: 43.9% freshwater forms, 41.5% euryhaline forms 
and 14.6% marine forms. Percentage composition of different forms of plankton 
(freshwater, euryhaline and marine) in various zones of Hooghly Estuary, during different 
years of observation, is also depicted in Figure 6.5. 
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Figure 6.4. Map showing the proposed zonation of Hooghly-Matlah Estuary based on presently 
observed salinity (Sinha et al, 1996). 





Table 6.2. Average plankton concentration (units/litre) and their composition in different zones of Hooghly Estuary during pre- and post-Farakka Barrage 
periods. Figures in parentheses denote percentages within the zone 
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Table 6.3. Distributional pattern of plankton in Hooghly Estuary during pre- and post-Farakka 
Barrage periods 



Plankton species 


1 


Pre-Farakka Zone 
II in 


IV 


Post-Farakka Zone 
I n III IV 


Chlorophyceae (Green algae) 


















1 . Spirogyra sp. 


+ 


+ 


+ 


+ 


+ 


+ 


- 


+ 


2. Closterium sp. 


+ 


+ 


+ 


- 


+ 


+ 


+ 


+ 


3. Coelastrum sphaericum 


- 


- 


- 


- 


+ 


+ 


- 


+ 


4. Pandorina sp. 


+ 


+ 


- 


+ 


+ 


+ 


- 


+ 


5. Chlorobotrys sp. 


- 


- 


- 


- 


+ 


- 


- 


- 


6. Zygnema sp. 


+ 


- 


- 


- 


+ 


+ 


- 


+ 


7. Zygnemopsis sp. 


- 


- 


- 


- 




+ 


- 


- 


8. Chlorella sp. 


+ 


+ 


- 


- 


+ 


■f 


+ 


+ 


9. Sphaerocystis sp. 


- 


- 


- 


- 


+ 


- 


- 


- 


10. Stichococcus sp. 


- 


- 


- 


- 


+ 


- 


- 


- 


1 1 . Platydohna sp. 


- 


- 


- 


- 


+ 


+ 


- 


+ 


12. Dispora sp. 


- 


- 


- 


- 


+ 


- 


- 


- 


13. Pediastrum spp. 


+ 


+ 


- 


+ 


+ 


+ 


+ 


+ 


14. Scenedesmus sp. 


+ 


+ 


- 


+ 


+ 


+ 


+ 


+ 


15. Oocyst is sp. 


- 


- 


- 


- 


+ 


- 


- 


- 


\6. Mougeotia spp. 


+ 


+ 


- 


- 


- 


- 


- 


- 


17. Eudorina elegans 


+ 


+ 


- 


- 


- 


- 


- 


- 


18. Tribonema sp. 


+ 


- 


+ 


+ 


- 


- 


- 


- 


19. Cosmarium sp. 


+ 


- 


- 


- 


- 


- 


- 


- 


20. Volvox sp. 


+ 


+ 


- 


- 


- 


- 


- 


- 


21. Borgia planktonica 


+ 


+ 


+ 


+ 


- 


- 


- 


- 


Cyanophyceae (Blue green algae) 


















22. Phormidium sp. 


+ 


+ 


+ 


- 


+ 


+ 


+ 


+ 


23. Oscillatoria sp. 


+ 


+ 


+ 


+ 


-h 


+ 


- 


+ 


24. Anabaena sp. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


25. Nostoc sp. 


+ 


+ 


+ 


+ 


+ 


+ 


- 


+ 


26. Lyngbya sp. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 




27. Microcystis sp. 


+ 


+ 


- 


+ 


+ 


- 


- 


+ 


28. Spirulina sp 


- 


- 


- 


- 


+ 


+ 


- 




29. Aphanizomenon sp. 


+ 


+ 


- 


+ 


- 


- 


- 


- 


30. Trichodesmium sp. 


- 


+ 


+ 


+ 


- 


- 


- 


- 


Bacillariophyceae (Diatoms) 


















3 1 . Synedra ulna 


+ 


+ 


+ 


+ 


4- 


+ 


+ 


+ 


32. Coscinodiscus grani 


+ 


+ 


+ 


+ 


- 


+ 


+ 


+ 


33. Coscinodiscus spp. 


+ 


+ 




+ 


- 


- 


- 


- 


34. Surirella sp. 


+ 


+ 


- 


+ 


- 


+ 


+ 


+ 


35. Melosira granulata 


+ 


+ 


+ 


+ 


- 




+ 


+ 


36. Melosira spp. 


- 


- 


+ 


+ 


+ 




+ 


+ 


37. Nitzchia sp. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


4- 


38. Navicula spp. 


+ 


+ 


- 


+ 


+ 


+ 


+ 


+ 


39. Pleurosigma spp. 


+ 


+ 


+ 


+ 


- 


- 


- 


- 


40. Asterionella japonica 


+ 


+ 


+ 


- 


- 


- 


- 


- 


41. Stephanodiscus sp. 


+ 


+ 


- 


+ 


- 


- 


- 


- 


42. Cy clot ell a spp. 


+ 


+ 


- 


+ 


- 


- 


- 


- 


43. Chaetoceros spp. 


- 


+ 


+ 


+ 


- 


- 


+ 


- 


44. Diploneiis sp. 


- 


+ 


+ 


+ 


- 


- 


- 


- 


45. Biddulphia mobilensis 


- 


+ 


+ 


+ 


- 


- 


-1- 


- 


46. B. sinensis 


- 


- 


+ 


+ 


- 


- 


+ 


- 


47. Planktoniella sol 


- 


+ 


+ 


+ 


- 


- 


- 


- 


48. Lithodesmium spp. 


- 


+ 


+ 


+ 


- 


- 


- 


- 


49. Thalaniothrix sp. 


- 


+ 


+ 


+ 


- 


- 


- 


- 


50. Ditylum brightwelii 


- 


+ 


+ 


+ 


- 


- 


+ 


- 


5 1 . Hemidiscus hardmaniannus 


- 


+ 


+ 


- 


- 


- 


+ 


- 


52. Hemiaulus sinensis 


- 


+ 


+ 


- 


- 


- 


- 


- 


53. Skelitonema costatum 


- 


+ 


+ 


+ 


- 


- 


+ 


- 


54. Rhizosolenia sp. 


- 


+ 


+ 


- 


- 


- 


- 


- 


55. Triceratium sp. 


- 


+ 


+ 


- 


- 


- 


- 


- 


56. Bacteriastrum spp. 


- 


- 


+ 


- 


- 


- 


+ 


- 


57. Coscinoria sp. 


+ 


+ 


+ 


+ 


- 


- 


- 


- 
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Table 6.3. Continued 



Plankton species 


Pre-Farakka Zone 
I II III IV 


Post-Farakka Zone 
I II III IV 


BaciDariophyceae (Diatoms) continued 


















58. Fragilaria sp. 


+ 


+ 


- 


- 


- 


- 


+ 


- 


59. Amphora sp. 


- 


- 


- 


- 


+ 


+ 


- 


+ 


60. Amphipleura sp. 


- 


- 


- 


- 


+ 


+ 


- 


+ 


61. Bascillaria sp. 


- 


- 


- 


- 


+ 


- 


- 


- 


62. Coconeis sp. 


- 


- 


- 


- 


+ 


+ 


+ 


+ 


63. Cylindrotheca sp. 


- 


- 


- 


- 


+ 


+ 


- 


- 


64. Diatomella sp. 


- 


- 


- 


- 


+ 


+ 


- 


+ 


65. Diatoma sp. 


- 


- 


- 


- 


+ 


+ 


+ 


+ 


66. Gyrosigma sp. 


- 


- 


- 


- 


+ 


+ 


+ 


+ 


Chrysophyceae (Flagellates) 


















67. Ceratium hirudinella 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


68. C. tripos 


+ 


+ 


+ 


- 


- 


- 


- 


- 


69. Euglena spp. 


+ 


+ 


+ 


- 


- 


- 


- 


- 


70. Phacus sp. 


+ 


+ 


+ 


+ 


- 


- 


- 


- 


71. Peridinium spp. 


+ 


+ 


+ 


+ 


- 


- 


- 


- 


72. Noctiluca milaris 


- 


+ 


+ 


+ 


- 


- 


- 


- 


73. Trachelomonas sp. 


- 


- 


+ 


- 


- 


- 


- 


- 


Rotifera 


















74. Brachionus spp. 


+ 


+ 


- 


+ 


+ 


+ 


+ 


+ 


75. Keratella spp. 


+ 


+ 


- 


+ 


+ 


+ 


+ 


+ 


76. Filinia spp. 


+ 


+ 


- 


- 


+ 


+ 


- 


+ 


77. Asplanchna sp. 


+ 


- 


- 


- 


- 


- 


- 


- 


78. Ploesoma sp. 


- 


+ 


- 


+ 


- 


- 


- 


- 


79. Notholca sp. 


- 


- 


+ 


- 


- 


- 


- 


- 


Copepoda 


















80. Diaptomus sp. 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


81. Pseudodiaptomus spp. 


+ 


+ 


+ 


+ 


+ 


- 


- 


+ 


82. Cyclops sp. 


+ 


- 


- 


+ 


+ 


+ 


+ 


+ 


83. Microstella sp. 


- 


+ 


+ 


- 


- 


- 


- 


- 


84. Acartiella sp. 


- 


+ 


- 


+ 


- 


- 


- 


- 


85. Paracalanus sp. 


- 


- 


+ 


+ 


- 


+ 


+ 


- 


86. Bryocamptus sp. 


- 


- 


- 


- 


- 


- 


+ 


+ 


87. Ergasilus sp. 


- 


- 


- 


- 


- 


- 


+ 


+ 


Cladocerans 


















88. Bosmina sp. 


+ 


+ 


- 


- 


+ 


+ 


- 


+ 


89. Moina sp. 


+ 


+ 


- 


- 


+ 


+ 


- 


+ 


90. Daphnia sp. 


+ 


+ 


- 


- 


+ 


+ 


- 


+ 


91. Blsminopsis sp. 


+ 


+ 


+ 


- 


- 


- 


- 


- 


92. Ceriodaphnia sp. 


+ 


+ 


- 


+ 


- 


- 


- 


- 


93. Diaphanosoma sp. 


- 


+ 


- 


- 


- 


- 


- 


- 


Protozoa 


















94. Difflugia spp. 


+ 


+ 


+ 


+ 


- 


- 


- 


- 


95. Arcella sp. 


+ 


+ 


+ 


+ 


- 


- 


- 


- 


96. Vorticella sp. 


+ 


+ 


- 


+ 


- 


- 


- 


- 


97. Centropyxis sp. 


- 


+ 


+ 


- 


- 


- 


- 


- 


98. Tintinnidium sp 






+ 




■ 


■ 


■ 


■ 
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Figure 6.5. Quantitative percentage contribution of different forms of plankton in various zones of 
Hooghly Estuary during different years of observation. 

It is evident from above that the zone-wise composition of plankton community has 
also experienced a significant change due to construction of the barrage. Marine forms 
have completely disappeared from Zone I and their presence reduces in Zones II and IV. 
However, the marine forms have considerably increased in Zone III. Coscinodiscus granii, 
an indicator species for demarcating euryhaline environment in the tidal region, though 
observed in the post-barrage period in all zones except Zone I, dominated the plankton 
population of Zone III only, where it contributed to 40%-90% of the total plankton. The 
abundance of this plankton species was higher during summer months but declined 
gradually with the onset of the monsoon when the salinity decreased. 

The absence of certain euryhaline and marine forms of plankton during the 
post-barrage period is due to a significant decrease in salinity throughout the estuary. But 
the low occurrence/absence of certain freshwater forms (Volvox, Cosmarium, etc.) is rather 
surprising. This may be due to changes in hydrographical features of the estuary, which is 
now more fluvial with a faster current and more turbidity, especially in the upper reaches. 
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Such changes might have resulted in unfavorable ecological conditions for plankton forms 
requiring substratum or sufficient light for their propagation and growth. Total absence of 
protozoan forms in the post-barrage period may also be due to the faster current presently 
experienced in the estuary. The occurrence of a particular specie is determined more by 
ecological conditions than by its geographical location (Thompson, 1959). 

6.2.3 MACRO-ZOOBENTHOS 

Gopalakrishnan (1971) provided a list of group-wise forms of macro-zoobenthos in 
different zones of Hooghly Estuary prior to the construction of the Farakka Barrage. But it 
is only qualitative and not quantitative. Macro-zoobenthos of Hooghly Estuary were 
studied for the first time in detail during 1985-1991 by Sinha et al. (1996). It has also been 
studied by CIFRI in 1 995-1 996, during exploratory survey of river Ganga (Sinha et al, 1 998). 

In absence of any information on quantitative availability of macro-zoobenthos of 
Hooghly Estuary in pre-Farakka Barrage period, it is not possible to assess the impact of 
barrage construction on this bio-tope. However, the distribution of macro-zoobenthos in 
Hooghly Estuary (quantitatively and qualitatively (dominant forms)), as observed by 
Sinha et al. (1996 and 1998), during the post-barrage period, which is shown in Table 6.4. 

6.2.4 FISHERIES 
6.2.4. 1 Fish Catch 

The annual average species-wise fish catch from Hooghly-Matlah Estuary for the 
pre-Farakka Barrage periods (1966-1967 to 1971-1975) and the post-Farakka Barrage 
periods (1984-1985 to 1989-1990), as reported by Sinha et al. (1996), are depicted in 
Table 6.5. The average annual fish catch from the estuary increased by 213.2% 
(9,481 tons yr* to 29,720 tons yr’). Contribution of Zone III (marine zone) to the total 
annual catch increased from 78.7% in the pre-Farakka Barrage period to 93.9% in the 
post-Farakka Barrage period. 

Mitra et al. (1997 and 2001) have given further statistics of fish catch from 
Hooghly-Matlah Estuary during the period 1990-1991 to 1993-1994 and 1994-1995 to 
1999-2000, respectively, wherein also a general increasing trend of fish catch is observed 
and it reaches to 62,165.4 tons during 1999-2000 (average of 55,915.5 tons yr^ during 
1 994- 1 995 to 1 999-2000). The bulk of the catch during these years also came from the marine 
zone of the estuary (Zone III), which contributed between 94.5% to 96.7% of the total 
catch. Average annual fish catch from Hooghly Estuary, during different periods of 
pre- and post-Farakka are depicted in Figure 6.6. 

The catch of purely marine forms and typically neritic species, such as Liza parsia 
amongst mullets, Eleutheronema tetradactylum among polynemids. Coilia spp. among 
anchoives, Tenualosa toli and Ilisha elongata among clupeids and Harpodon nehereus 
and Trichiurus spp. among other groups, showed a sharp decline or total absence in the 
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upper estuary (Zones I, II and IV) during the post-Farakka period (Table 6.4). A few purely 
freshwater fishes {Rita rita, Wallago attu, Mystus aor, Ailia coila, Catla catla, 
Labeo rohita, Labeo bata) and prawn (Macrobrachium rosenbergii) made their 
appearance in these parts of the estuary during the post-Farakka Barrage period and 
contributed notably to the species spectrum. During 1994 to 1999-2000, there contribution 
to the fish catch from upper estuary was over 2% (Mitra et aL, 2001). They were not 
reported from Nabadwip downward (Zone I) prior to 1975. A significant decline in the 
availability of certain non-commercially important estuarine and marine species {Chanos 
chanaos, Plotosus canius, Megalops cyprinoides, Elops saurus, Therapon jarbua, Raconda 
russeliana, and Pellona ditchella, Qtc.) was also observed. 

The prime fish, hilsa (Tenualosa ilisha), forms commercially the most important 
fishery of the estuary in view of its high market value. It forms the mainstay of this estuaries 
catch if we exclude the winter migratory bagnet fishery of Hooghly Estuary. The monsoon 
(July-October) hilsa catch contributes bulk (about two-thirds) of the total annual landing 
of the species from this estuary. The fishery in winter is of a smaller magnitude. Wide 
fluctuations in hilsa catch are an interesting characteristic of Hooghly Estuary. The annual 
average landing of this species shows a sharp increase in the post-barrage period. It was 
1457.1 ton (15.3%) prior to 1975 and increased to 7352.9 ton (13.2%) during 1994-1995 to 
1999-2000. This unusual increase in the catch of hilsa may also be because of the barrage 
construction, and due to the migration of hilsa to areas above the barrage, resulting in 
severe depletion of its fisheries in the middle stretches of river Ganga. 

Hilsa juveniles (fry and fingerlings) constitute a substantial part of hilsa catch from the 
upper freshwater stretches of the estuary. Indiscriminate exploitation of young ones of 
hilsa through small meshed nets take a heavy toll of the hilsa juveniles, when these young 
ones start their downward migration. Mitra et al. (2001) estimated hilsa juvenile catch 
between 50.9 tons to 63.3 tons (average 57.5 tons) from Hooghly Estuary, during the period 
1994-1995 to 1999-2000, which numerically works out to 13.1 million of young fish 
(weight range 2.2 g to 27 g). 

Structural changes in species composition of fish communities in the lower estuarine 
region (Zone III) are observed to be minimal. But since there is a decline in salinity seaward, 
catches in this zone improved during the post-barrage period by 274% during 1 984- 1 985 to 
1 989- 1 990 and by 625% during 1 994- 1 995 to 1 999-2000. A significant increase in winter 
migratory bag net catches during post-barrage period (Saigal et al, 1 987 ; Mitra et al, 1 997 
and 2001) is the main factor for this high increase of fish catch from the lower estuary. The 
winter migratory bag-net fishery during the post-barrage period is now about 1 2 to 1 5 times 
of the pre-barrage period. Greater abundance of fish stocks, particularly clupeids, sciaenids, 
anchovies, ribbon fish, Bombay duck, prawns and other miscellaneous species, coupled 
with employment of mechanised boats and larger fishing effort (Saigal et al., 1987; 
Mitra et al., 2001) have resulted in increased fish catch after the commissioning of the 
barrage. 




Table 6.4. Distribution of macro-zoobenthos based on density in different zones of Hooghly Estuary 
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Table 6.5. Species- wise average annual fish catch in Hooghly Estuary 
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Sillago panijus 2.9 2.5 17.4 9.1 31.9 4.3 3.1 15.3 0.6 23.3 

(Family Sillaginidae) (0.3) (0.8) (0.2) (1.2) (0.3) (0.6) (0.6) (*) (0.1) (0.1) 

Tachysurusjella - - 176.0 0.2 176.2 - - 597.7 - 597.7 

(Family Ariidae) - - (2.3) (*) (1.9) - - (2.1) - (2.0) 




Pre-Farakka period (1966-1967 to 1974-1975) Post-Farakka period (1984-1985 to 1989-1990) 

Species Zone Zone Zone III Zone Total Zone Zone Zone III Zone Total 
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Figure 6.6. Average annual fish catch from Hooghly Estuary, during the pre- and post-Farakka 
periods. 

6.2.4.2 Fish and Prawn Seed Availability 

De et al. ( 1 994) have reported that during the post-Farakka period hilsa spawns in the entire 
freshwater (Zone I) and gradient (Zone II) stretches of the estuary with the lower and upper 
limits of the spawning grounds being Kulpi and Medgachi (Figure 6.2) respectively. The 
observations during pre-Farakka period (Chandra, 1962) have shown that the spawning 
ground of hilsa is to be confined to a shorter stretch of about 1 00 km from Kolkata (Bagbazar) 
to Medgachi. Thus, a considerable extension of spawning ground of hilsa in the estuary 
has taken place in the post-Farakka period. The additional discharge of freshwater into the 
system as a result of commissioning of the Farakka Barrage in 1975 has made the estuary 
more favorable for general habitat as well as spawning of hilsa. 

According to De and Sinha (1997), during the post-Farakka period, with the decline in 
salinity and extension of freshwater zone, lesser number of estuarine prawn and fish seed 
are now available in the Uluberia-Nurpur stretch (Zone II). Seeds of Penaeus monodon and 
P. indicus have totally disappeared from this stretch. This stretch (between 113 km and 
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83 km from the mouth of the estuary) was potential seed centers of these two estuarine 
prawn species before the commissioning of the Farakka Barrage. Presently, the upper limit 
of availability of seed of these two species has become restricted to 50 km-60 km from the 
mouth of the estuary. 



6.3 Concluding Remarks 

It is amply clear from the details given above that with the increased freshwater discharge 
in Hooghly Estuary, resultant to the commissioning of the Farakka Barrage in April, 1975, 
the ecology and fishery of this positive estuary has undergone a major change. Increased 
freshwater discharge has considerably reduced the salinity, which is the key determinant 
of all other environmental characteristics of an estuary, including the occurrence and 
abundance of organisms within it. The freshwater zone has extended downwards. The true 
estuarine and marine zones have been pushed further down and reduced in area. Though 
the present salinity has shown some rise. Zone I still remains to have freshwater 
throughout the year. The tidal regime has also undergone change and decreased by about 
100 km. Re-zonation of the estuary, as shown in Figure 6.4 is, thus required in view of the 
changed salinity picture. However, detailed systematic study of ecology of these new 
zonations is essential to establish their correct biological characteristics. 

Resultant to changes in salinity, the concentrations as well as species composition of 
plankton have also shown appreciable change. Plankton concentration has increased 
substantially in Zone III with the passage of time. Coscinodiscus granii, an indicator 
species of euryhaline environment, has not been observed in Zone I in post-barrage 
period. Though seen in other three zones, it now dominates only in Zone III. 

The fish catch from the estuary has shown a continued marked upward swing in the 
post-barrage period. This has mainly been caused due to the sharp increase in catch from 
the marine zone (Zone III) of the estuary. The quantum of catch from the other three zones 
has not shown proportionate increase. Purely marine forms and typically neritic species 
have shown a sharp decline or total absence in upper estuary (Zone I) with some purely 
freshwater fishes making their appearance in this part of the estuary. Observations show 
that species composition of fish species in the marine zone (Zone III) has changed very 
little. 

Hilsa (Tenualosa ilisha), the commercially most important fish species of the estuary, 
has also shown a sharp increase in catch in the post-barrage period. Increased freshwater 
discharge, due to the commissioning of the barrage, appears to have made the Hooghly 
Estuary more favorable for the general habitat as well as breeding of hilsa. It has been 
observed to spawn in the entire freshwater and gradient stretches of this estuary in the 
post-barrage period instead of the restricted freshwater stretch of pre-barrage period. 

It can, thus be concluded that the impact of Farakka Barrage on hydrology and fishery 
of Hooghly Estuary has been on positive side. Its effect on overall fishery of the estuary 
has been favorable, a feature generally uncommon with any river course modification. 
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lA Introduction 

Rivers and streams with their associated flood basins and upland areas form complexly 
linked ecosystems in which land, water, plants, animals and humans interact and evolve in 
response to the interactions of the components of the system. Thus changes in any 
component of the system will impact the physical, chemical, and biological process 
occurring within the river system. River systems normally function within the natural ranges 
of flow, sediment movement, temperature and other variables, in what is termed “dynamic 
equilibrium.” When changes in these variables go beyond their natural ranges, dynamic 
equilibrium may be lost, often resulting in adjustments that are detrimental to the integrity 
of the ecosystem, which includes ecosystem structure, ecological process, regional and 
historical context, and sustainable cultural practices. 

The Ganges River ecosystem, which traverses three countries (Nepal, India and 
Bangladesh) forms one of the largest river ecosystems of the world. The livelihood of 
millions of people depend on the healthy functioning of this ecosystem. Over the years, 
human activities have contributed to changes in the dynamic equilibrium of the Ganges 
River ecosystem. Increase in human population and industrial, commercial, and residential 
development have placed heavy demands on this river ecosystem. These activities 
centered on manipulating river ecosystems for a wide variety of purposes, including 
domestic and industrial water supplies, irrigation, and transportation. 

The cumulative effects of these activities resulted in significant changes, not only to 
river corridors, but also to the ecosystems of which they are part. These changes include 
degradation of water quality, decreased water storage and conveyance capacity, loss of 
habitat for fish and wildlife, and decreased recreational and aesthetic value. This chapter 
addresses the implications of the reduced flow of the Ganges due to the upstream diversion 
of water on the downstream ecosystems located within the Bangladesh territory. 



7.2 Bounding the Ganges Dependent Ecosystems 

The spatial scale of the ecosystem area that is linked to the flow of the Ganges is a very 
complex issue. The Government of India recognizes the upper reach of the Gorai in the 
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Southwest part of Bangladesh now under the Ganges-Kobadak (G-K) Project as the Ganges 
Dependent Area (GDA), while Government of Bangladesh (GoB) defines the GDA under 
the direct influence of the Ganges River flow, both quantitatively and qualitatively. The 
GDA covers an area roughly one-third of Bangladesh, which includes the Southwest 
region, the Meghna Estuary and the Northwest region (SWMC, 2000). 



7.3 Impact on Physical Environment 

The impact of the reduced flow of the Ganges on the physical environment is greatly felt in 
the reduced availability of surface water, the lowering of the ground water table, the 
increased salinity in the surface and ground water, the increased salinization of soil, the 
increased concentration of instream pollutant load and the changing geomorphology of 
the riverbed. 

The increased intrusion of seawater into the surface water of Southwest Bangladesh is 
one of the most visible impacts of reduced flow of freshwater in the Ganges dependent 
rivers in the region. A complex process of salinization in this region has been documented 
by a number of research workers. The substantial bodies of independent evidence which 
can be brought to bear on the question of the extent of salinity intrusion in the 
post-Farakka period comes from the special studies team fielded by World Bank^ (BWDB, 
1977) and also the Gorai River Restoration studies done by the Environment and 
Geographic Information Services (EGIS), Dhaka, Bangladesh (EGIS, 2001). This special 
studies team systematically reviewed the historical and current measurements and 
analyzed them to obtain the best assessments of the extent and causes of change. The 
study divided the entire left bank of the Ganges into five compartments or North-South 
sections. Based on their analysis, they confirmed that the dramatic saline intrusion during 
the post-Farakka period, 1 976 and 1 977 occurred in the Rupsa-Passur to Gorai-Madhumati 
catchments area. These findings were further substantiated by the salinity modeling 
studies supported by the Delft Hydraulics, the Netherlands. 

7.3.1 AGRaECOLOGY 

The special studies claimed that the reduction in agriculture production was caused by 
moisture stress, while increased salinity also caused physiological drought and delayed 
planting (see Chapter 9 on agriculture for details). 

The agriculture of the entire Southwest region of Bangladesh is directly or indirectly 
dependent on the flow of the Ganges River for water for irrigation and prevention from 
flood damage. There are three sources of water flowing into this region: 1) the surface water 
flow of the Ganges, the Brahmaputra and Meghna and its tributaries passing into the 
region; 2) rainfall runoff from draining from the surrounding countryside; and 3) the 



' The study costs were financed by the International Development Association, a component of the 
International Bank for Reconstruction and Development (IBRD) under the provisions of Technical 
Assistance Credit 622-BD to the People’s Republic of Bangladesh. 
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contribution from ground water. The reduced flow of the river, can affect the reduced 
availability and quality of irrigation water particularly salinity. Crops in the GDA are grown 
both under rainfed and irrigated conditions, with the rainfed practice dominant in 70% of 
the Net Cultivable Area (NCA). Traditional practices, local varieties and low levels of input 
and management are commonly associated with the rainfed crop culture. Productivity in 
general is low, with large year-to-year production fluctuations. Both moisture stress and 
high salinity during the rabi and pre-monsoon periods and drainage congestion during the 
monsoons contribute to low and unstable production. 

7.3.2 SUNDARBANS MANGROVE ECOSYSTEM 

The Sundarbans ecosystem represents a linked “landscape” along the river continuum of 
the Ganges and its distributaries on the one hand, and coastal processes along the Bay of 
Bengal on the other hand. Components and ecological variables of the Sundarbans and its 
linked ecosystems are highly complex. Functioning of the ecosystem is directly linked to 
the intermixing pattern of the freshwater water flow from upstream and the contiguous 
marine tidal water. The system is not independent of the neighboring land areas and the 
coastal process. This is why disturbance in the freshwater flow disturbs the whole process 
of nutrient flow and also the “envelope” of the physicochemical environment. 

To understand the possible impact of the reduced flow of the Ganges on the 
Sundarbans, the ecosystem components were identified and the interrelationships were 
established as completely as possible, in light of the existing knowledge. A general 
conceptual model linking different components of the ecosystem and input to the system 
is illustrated in Figure 7. 1 . Both the structural and functional characteristics of the Sundarbans 
ecosystem are described in terms of the following biophysical components: 

Rivers 

Sea 

Mangrove substrate 
Terrestrial vegetation 
Terrestrial animals 
Benthic community 
Aquatic biota 
Upper catchment 

7.3.3 RIVERS 

The rivers (Figure 7.2) constitute to an important component of the Sundarbans ecosystem 
due to the transportation of freshwater for mangrove development. The prevailing 
freshwater flow into Bangladesh’s part of the Sundarbans depends on the hydrological 
conditions of the Ganges distributary system. Some receive limited freshwater and others 
none. Based on the characteristics of the river systems that pass through the Sundarbans 
the area can be divided into three sub-systems. The Western Kobadak system has no 
connection with the Ganges and carries no or very little freshwater to the Sundarbans 
during the dry season. The Central Gorai sub-system in which the rivers still maintain weak 
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connections with the Ganges and the Shibsha and Passur Rivers and their connecting 
channels which carry moderate amounts of freshwater during the dry season. The Eastern 
Baleshwar sub-system is where the rivers carry large amounts of freshwater from the river 
Kacha and during the dry season, the rivers push the salinity front in the Eastern part of the 
Sundarbans down to the sea. 




Figure 7.1. Conceptual ecosystem model of the Sundarbans. Source: EGIS, 2001. 



7.3.4 SEA 

The biophysical forcing from the adjacent Bay of Bengal is important for the mangrove to 
function through tidal regime, a source of salinity, nutrient and sediment and they are 
organisms that use part of their life cycle in both habitats. Sea influence is more important 
in the Southern part than in the Northern part. 
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Figure 7.2. River system of the Sundarbans. 



7.3.5 MANGROVE SUBSTRATE 

Mangroves develop in different coastal settings. Thom (1982) described at least five types 
of sedimentary mangroves coasts globally. In alluvial deltas the setting is characterized by 
the deposition of terrigenous sands, silts and clay. The deltas build seawards over flat 
offshore slopes composed of fine grained sediments, and also long shore drift of mud 
reworked sand and shells by wave influence. Mangrove soils are characterized by high 
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water content and often have high levels of salinity, low oxygen content and free hydrogen 
sulphide. The substrates are often semi-fluids that are poorly consolidated. Depending on 
the nature of the substrate the plains may contain an array of habitats where mangroves 
can be established or maintained. The ecosystem process in the mangrove is influenced by 
the physicochemical and biotic characteristics of the substrate. 

7.3.6 MANGROVEVEGETAnON 

The Sundarbans mangrove vegetation consists of a group of special plants that thrive in 
a wide gradient of salinity. The vegetation form multi-layered closed woodlands. 
Historically three different forest types are recognized in the Sundarbans including the 
Indian part, based on the freshwater-salinity gradient that has led to a change in forest 
structure. 1) The freshwater type of forest is mostly dominated by Sundri or Sundri-Gewa; 
2) the moderately saltwater forest is dominated by Gewa and Goran with scarce Sundri, but 
it is an important component of the mixture; and 3) the saltwater type consisting of sparsely 
spaced Gewa of 3 m-5 m in height with dense thickets of Goran. While some discrete forest 
types are apparent following the salinity gradient from low to high, one can see the 
repetitive occurrence of the said forest that are interspersed to form a mosaic in the 
landscape matrix. 

7.3.7 MANGROVE FAUNA 

The fauna of the Sundarbans mangroves reflects the convergence of three types of 
environments: 

a terrestrial inter-tidal vegetation, 
a sheltered muddy inter-tidal benthic habitat, and 
an estuarine aquatic habitat. 

7.3.8 TERRESTRIAL FAUNA 

The terrestrial vegetation consists of mostly closed multi-layered woodlands and also 
marshes (grasslands) fringing the forest. The terrestrial fauna is restricted to the forest 
canopy and the forest floor. A gradient of fresh and marine fauna is found on the inter-tidal 
substrate and in the lower levels of the forest. Like the flora, the fauna of mangroves is 
composed of a characteristic assemblage of species (both vertebrates and invertebrates) 
derived from those in terrestrial, marine and freshwater environments. 

7.3.9 AQUATIC BIOTA 

The aquatic sub-system of the mangroves provides a gradient of habitat ranging from 
freshwater to marine. The biota thus consists of plants and animals of freshwater to marine 
origin. The faunal components include a number of vertebrates including mammals, 
reptiles, fish and shrimp. The fish fauna occurring within the mangrove environment can be 
divided into: 
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permanent residents, 

species that visit the mangroves intermittently as adults, and 

those occurring seasonally as eggs, larvae and juveniles. 

These components vary geographically (Saenger et al, 1977) and also in relation to 
local topography, tidal range and salinity (Milward, 1982). 

7.3.10 BENTHIC BIOTA 

The bottom substrate of the mangrove and the estuaries provides a habitat for many 
sessile, burrowing, crawling and swimming organisms, a storehouse of organic matter and 
inorganic nutrients, and a site for many chemical exchanges and physical interactions. One 
might conclude that the primary attribute of estuaries regulates or modifies most physical, 
chemical, geological, and biological processes throughout the entire estuarine system via 
a benthic effect. The bottom sediment organisms of an estuary form a ‘biological lattice’ 
which contains a particular mix of organisms, and as they are associated at a moment in time 
are called a benthic community structure. Obviously this structure is not static, but it 
changes much more slowly than the nektonic and planktonic community structures in the 
overlying water column. Benthic organisms are often classified into non-taxonomic 
functional categories according to a variety of general characteristics, especially size, 
microhabitat and feeding type. 

7.3. 1 1 UPSTREAM CATCHMENT 

The upstream catchment constitutes an important link that influences downstream 
mangrove development. Through their characteristics of geology, topography, soils and 
vegetation cover and land use in different catchments influence the runoff to rainfall ratio, 
and the quality of the runoff water that is ultimately released to their river systems. More 
than 125 polders have been constructed enclosing 1 .3 million ha of land, about 44% of the 
total land area in the Southwest region at the upper reaches of the rivers flowing through 
the Sundarbans. A mixture of settlements, with agricultural and shrimp land characterizes 
the land use in these polders. Agricultural activity in the upstream lands puts a demand on 
the freshwater from the Gorai for irrigation. Fertilizer and pesticide residue from the 
agricultural land is also carried downstream with the runoff water. The impact of polderization 
on the Sundarbans is also evident in the silting of the rivers that once connected the 
perennial source of freshwater to the Sundarbans. 



1 A Impact of Reduced Freshwater Flow on Vegetation 

7.4.1 FLORALRICHNESS 

The availability and proximity of freshwater affects mangrove development. Species 
distribution is strongly influenced by the extent of freshwater influx either from rainfall or 
from rivers (Bunt et al, 1982). Salinity is one of the major parameters that governs growth, 
height, survival, distribution and species composition of plants in the mangroves, which 
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are adapted to different saline conditions. However, the higher concentrations of salt 
affects plant growth by either limiting the availability of water against the osmotic gradient 
or increasing the accumulation of ions in the toxic concentration within the plant tissue. 
The salinity of the river water is a source of salt (either as nutrients or toxicants) to the 
plants physiological processes. Forest growth declines with an increase in sodium content 
of the soil due to the increasing maritime influence. In contrast, there is a luxuriant forest 
growth and high species diversity if the balance swings towards freshwater influence. 

Historically the Sundarbans has evolved under the reduced salinity, which used to be 
maintained by large amounts of freshwater from upstream. The decline of forests is directly 
related to the declining flow of freshwater in the rivers. For example the degradation of 
mangroves started from the West when the G-K system lost its connection with the Ganges. 
Depending on the tolerance to salinity, the mangroves of the Sundarbans Reserve Forest 
(SRF) has been categorized into different groups. Table 7.1 below shows the species 
grouping based on their salinity tolerance. 

Table 7.1. Species groups characterized by their relation to freshwater/saline interactions 



Ecological Tolerance 


Species Group 


Narrow ecological anplitude and associated 
with dominant influence of freshwater 


Pongamia pinnata, Intsia bijuga, 
Ficus Cynometra, Amoora 
cucullata, Hibiscus tiliceous, 
Pandanus foetidas 


Wide ecological anplitude with dominant 
freshwater influenced areas 


Heritiera fames, Bruguiera 
sexangula, Sonneratia apetala 
Bruguiera gymnorrhiza, 


Narrow ecological anplitude and associated 
with moderate influence of freshwater 


Luminitzera racemosa, Bruguiera 
parviflora, 

Heritiera fames 


Wide ecological anplitude and dominant in 
relatively high or little freshwater influence 


Excoecaria agallocha, Ceriops 
decandra, Aegiceras corniculatum, 
Xylocarpus mekongensis, 
Xylocarpus granatum, Sonneratia 
apetala 


Species with narrow ecological anplitude 
dominant in greater maritime influence 


Avicennia marina, Aegialitis 
rotundifalia, Rhizophora apiculata 



Source: lUCN, 1994. 
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The floral diversity in terms of woody plants (Angiosperm and Pteridophytes) 
consists of about 123 species. The diversity of mangrove plants of the Sundarbans 
includes about 130 plant species, belonging to 22 families representing 30 genera. The 
forest canopy attains a height of about 20 m and is highly stratified in some cases. In the 
Eastern and North-Central part of the forest there are 4-5 strata, typical of tropical rain 
forest formation. Epiphytes and woody parasitic species are common. 

Floral richness is higher in the low saline areas in the Northeast. Increasing the salinity 
would result in changing the composition and dominance of species. Most affected 
species due to the reduction in freshwater are the low salt tolerant species like the Sundri, 
Gewa, Passur Amoor, Singra and Kankra. These species gradually decrease their coverage 
in areas where salinity level exceeds their favorable ranges. With increasing salinity the 
number of species are reduced. Many species, with narrow tolerance to salinity 
(particularly Portresia cocoarctata and Myriostachya wightiana) are well distributed. 
Shingra (Cynometra ramiflora) and Amur (Amoora cucullato), Hibiscus tiliceos, Phragmitis 
karka, and Cyperous rotendus will be exterminated from the Gorai impact area. 

7.4.2 MORPHODYNAMICSANDVEGETATIONCHANGE 

Fluvial surfaces are response units to the interaction of stream erosion, accretion and 
vegetation, with each providing a unique habitat representing a potential niche for 
vegetation development. Geological and tectonic activity, together with past and present 
drainage patterns has been instrumental in defining the present geomorphology of the 
Sundarbans, where at least four morphometric categories are discernible: river or stream 
creeks, mudflats, ridges and back swamps. While the geomorphic process largely 
determines the development of mangroves in a region, they are important mainly through 
producing certain substrate or soil conditions and regulating the inundation time and 
frequency. An analysis of vegetation along a landform gradient reveals that species 
assemblage pattern is changed with the changing pattern of landform and its position in 
relation to the sea level. Thus hydrological factors (sedimentation, drainage density, etc.) 
that change the morphometric pattern of the landscape are present on the vegetation 
development in the Sundarbans. 

It was also revealed that micro-scale geomorphic features provide variable hydrologic 
regimes. Within the broad limits of their salinity tolerance, species dominate in different 
geomorphic settings. Changes in elevation in relation to tide level fluctuations restricts 
certain species to their preferred zone of submersion and exposure period. While the 
probability of inundation by tidal water decreases with elevation, species become sorted 
along the micro-topographic gradient according to their flooding tolerance. Each plant has 
a critical level of inundation above or below where growth declines. Thus within the broad 
zone of hydric salinity, the structure of the forest declines with the increased elevation. 

Depending on their position in different morphometric settings, two distinct groups of 
species can be identified. Species in the foreshore mudflats are Uri, Golpata, Keora 
(Figure 7.3), Chaila, Jana, Baen, Khalshi, while Sundri, Gewa, Kankra, Passur, Dhundal, 
Amoor, Singra and Keya are the back swamp species. Goran and Hantal belong to the high 
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elevation ridge species. The geomorphic gradient is typical of the whole delta formation, 
but the sequence of vegetation is changed under different salinity and management 
conditions. 




Figure 73. The Sundarbans showing the Keora and Golpata. Photo courtesy of: Maminul Haque 
Sarker, CEGIS, Dhaka, Bangladesh. 



7.4.3 FORESTTYPES 

The Sundarbans vegetation consists of recurrent patches of vegetation types. Overall, the 
mosaic formed by these patches represents equilibrium for the whole ecosystem. It is 
however argued that the mosaic of forest types represents the serai stages towards an 
equilibrium condition of vegetation development (Karim, 1988). Depending on both biotic 
and abiotic stresses, including management conditions, there are a number of 
self-maintaining terminal stages of vegetation development which differ from the 
traditional concept of climax. The most favorable development of vegetation occurs in the 
freshwater dominating area where Sundri is the dominant plant. Another extreme condition 
is the terminal community, which is dominated by Goran, a thicket of scrub rather than 
forest. In both cases, grasses and/or trees dominate the initiating or pioneer stage of 
vegetation development. 
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At the present level of information the potential changes in forest types due to the 
changing freshwater flow from upstream can best be understood by a comparison of the 
forest types of the Eastern region with that of the Western region. An attempt is made here 
to detect the changes in floristic composition that occurred between 1985 and 1995, when 
the freshwater flow into the Sundarbans was gradually decreasing. 

Table 7.2 shows the vegetation change from 1985-1995. The data was obtained from 
the forest department of two vegetation maps depicting polygons of different dominant 
plant communities. The vegetation changes were detected by overlying the two maps, 
which is shown in Figure 7.3. 

Table 7.2. Change of vegetation area (km^) from 1985 to 1995 



Vegetation Communities 


1985 


1995 


Water 




4.46 


Sundri 


836.50 


750.30 


Sundri-Gewa 


1,208.29 


1,061.70 


Sundri-Passur 


21.84 


24.71 


Sundri-Passur-Kankra 


67.32 


73.94 


Gewa and Gewa-Mathal (Coppice) 


193.40 


213.86 


Gewa-Goran 


373.70 


348.96 


Gewa-Sundri 


597.97 


764.83 


Goran 


85.50 


83.34 


Goran-Gewa 


571.87 


563.70 


Passur-Kankra 


9.55 


2.86 


Passur-Kankra-Baen 


16.77 


25.85 


Baen 


9.28 


11.47 


Keora 


36.61 


79.32 


Grass and Bare Ground 


43.68 


58.91 


Tree Plantation 


3.52 


2.10 


Sandbar 


3.97 


9.45 



Source: EGIS, 2001. 



During this period major changes occurred in the Sundri and Gewa dominated areas, 
with Gewa gradually replacing Sundri as the dominant tree species. Pure Sundri dominated 
area was reduced by about 86 km^ or about 1 1% of its previous extent, most of which have 
converted into Sundri-Gewa and Sundri-Passur-Kankra communities. The Sundri-Gewa 
community also followed a decreasing trend, losing 1 46 km^ or more than 1 0% of its land to 
Gewa-Sundri and Gewa-Mathal communities. The overall shift is from Sundri to Gewa and 
from Gewa to other more saline tolerant species. A similar trend is also visible even in the 
higher saline zone where high saline loving Goran replaces Gewa and Sundri. The Keora 
dominated area has also increased from 37 km^ to 79 km^, an expansion of 1 1 0%. Grass and 
bare ground areas have also increased by about 15 km^. 
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The general trend during this 10-year period indicates the reduction of commercial 
valuable species like Sundri and Gewa forests and an increase in less valued smaller tree 
species. From the map (Figure 7.4) it is evident that the changes occurring during this 
period are mostly concentrated in the Eastern part of the Sundarbans, This might be 
because of the changed scenario of salinity regime in the Eastern belt due to the decreasing 
freshwater influx from the Gorai River. The vegetation community in the Western region 
seems to have been more stable during this period as the hydrological regime in this area 
remained stable. 

The latest inventory shows that the compartments lying within the primary influence 
area are mostly Sundri dominated forest types. The average height of the trees is 1 5 m-20 m. 
i.e. the forest belongs to quality class- 1. Under the no Ganges flow condition the normal 
pattern of vegetation succession in the low saline zone would change to the succession 
pattern of high saline areas. Moreover, the growth rate of the plants would decrease as a 
result of stress caused by higher salinity in the soil and water. Table 7.3 shows the forest 
types in the SRF under no Ganges flow condition salinity ranges. 

7.4.4 WOOD PRODUCTION AND SALINITY 

The relation of vegetation distribution and environmental interactions indicated that the 
increased salinity in the environment not only affects the association pattern but also the 
wood production. Some plants growing luxuriantly in the low saline condition became 
stunted under the high saline condition. Salinity has a direct negative correlation with 
wood production. Table 7.4 shows the correlation between merchantable volume and 
salinity. 

The relation between salinity and wood production is negatively correlated for the 
Sundarbans with a correlation coefficient of -0.86 and -0.88 between the wood volume and 
soil and water, respectively (Table 7.5). 

7.4.5 PLANTS OF CONSERVATION SIGNIFICANCE 

Mangroves worldwide have been classified into different biogeographic formations. The 
Sundarbans mangrove belongs to the Indo-Malayan biogeographic region. Due to its 
floral richness and dominant floral element, mangroves along the Northeastern coast of the 
Bay of Bengal occupy a unique position among global mangroves. The natural vegetation 
of the forest is composed of true mangrove trees and mangrove associates. World 
mangroves in most cases show dominance of family Rhizophoraceae. Unlike other world 
mangroves and also the Indo-Malayan biogeographic region, the dominant floral element 
in the Sundarbans is Heritiera fames a member of Sterculiaceae. An assemblage of species 
typical to the Sundarbans once extended from Orissa coast through the Sundarbans, from 
Chakaria, from the Naaf Estuary in Bangladesh to Tanasserim and from the delta of the 
Irwadi in Mayanmar. Most of the natural vegetation within this distribution range has been 
cleared for other land use. The near natural vegetation with Sundri dominant species is 
at present limited only to the freshwater dominating Eastern part of the Sundarbans. 
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Figure 7.4. Changes in species composition in the Sundarbans during 1985 and 1995. Source: EGIS. 
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Table 7.4. Relation between merchantable wood volume and salinity in the Sundarbans 



Forest 

Blocks 


Total Merchantable 
Wood Volume 
(mVha) 


Soil 

Salinity 

(ppt) 


Water 

Salinity 

(ppt) 


4 


59.5 


4.6 


3.4 


1 


53.0 


7.1 


3.4 


5B 


36.6 


8.0 


19.0 


2 


34.9 


6.1 


13.0 


3 


23.6 


9.3 


12.5 


7 


21.6 


13.2 


21.0 


8 


19.5 


12.0 


23.0 


5A 


18.0 


14.0 


19.0 


6 


17.0 


10.0 


21.0 



Source: EGIS, 2001. 

Table 7.5. Correlation coefficient between total wood volume and dry season salinity 



Parameter 


Wood Volume 
(mVha) 


Soil Salinity 
(ppt) 


Water Salinity 
(ppt) 


Wood volume 


1 


. 


. 


Soil salinity 


-0.86 


1 


- 


Water salinity 


-0.88 


0.77 


1 



Source: EGIS, 2001. 



Salinity is a critical factor for the growth and regeneration of the species, and plant species 
have already shown a declining trend. Under the FWOP (Future without project) condition 
Sundri dominated areas will be subjected to increasing salinity. If the declining trends 
continue unabated this unique forest type will become extinct in 50 years (FRMP, 1998). 

The Sundarbans low water forests are highly stratified with 4-5 forest strata. With the 
increase in salinity the forest stratum is reduced to 1-2 strata thus reducing the habitat 
diversity. Under such situations the only endemic species Cirhopetalum roxburgii Lindl. 
which occurs in the Eastern part of the forest is likely to be lost. 

If the East Sanctuary represents all the species found in the other two sanctuaries, it is 
suggested that there has been or continues to be, a loss of species during the process of 
change towards a Goran forest type. The underlying dynamics of the above differences 
appear to be related primarily to the loss of tree species - the cause of which is assumed to 
be salinity linked. As mentioned, there is a correlation between the salinity and the decline 
in biodiversity. In the more saline West and South Sanctuaries, there are changes in 
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vegetation with Sundri falling from a high of approximately 50% in the East to 30% in the 
South and less than 1% in the West. There would appear to be a strong linkage between 
salinization and the underlying changes reported in the habitat and species data. 

This conclusion is supported by the expected succession patterns (Karim, 1988) for a 
range of salinity conditions, and land elevations relative to tidal heights. Sundri is the 
climax species but only under low salinity and within a primary succession condition. With 
increasing salinity and stress the climax species is increasingly Gewa, which in higher 
salinity conditions succeeds the Goran. These latter two species dominate the floral 
habitat of the saline South and West Sanctuaries. The lack of linkages between all these 
factors in the management plan raises serious concern at the relevance and priority 
assigned to the proposed management strategies. 

Maintaining the proposed dry season isohaline line of 20 ppt below the “Sundri Area” 
under the FWIP^ (Future with project) high flow scenario will provide habitat for these 
endangered plant species. Monitoring the regeneration dynamics of the plant species is an 
important priority that should be incorporated into the overall monitoring of the GRRP and 
the Sundarbans Biodiversity Conservation Project (SBCP). 

7.4.6 WOOD PRODUCTION 

Direct evidence on dose-response relationships to quantify the increased volume of wood 
and non-wood harvest as a consequence of the changing salinity regime is difficult. 
However, the historical and spatial trend of vegetation change from low salinity to high 
salinity and the area affected due to the freshwater flow from the Gorai can be the basis for 
the projection of the future change in the harvestable wood volume. The forest inventories 
of the Sundarbans (Forestal 1960; ODA, 1984; and FRMP, 1995) and growth data of PSP’s 
(Karim, 1 994) provide an excellent dataset for predicting the changes that have occurred in 
the past. Predicted salinity change maps and standing timber volume data can be used to 
ascertain the Gorai impact area within the Sundarbans. 

The prediction of timber production will depend on the characteristic of vegetation 
change under the projected scenario. At the present level of ecological information, a 
relationship can be established only between wood productivity and salinity. EGIS (200 1 ) 
reported wood volumes for different water salinity levels, and assigned water salinity 
levels to existing wood volume using this relationship. 

Based on this relation, prediction of wood volume change under the different 
scenarios can be made using two alternative models: a Statistical Prediction Model and a 
Forest Harvest Model. 

EGIS (200 1 ) reported that a proj ection of the standing stock volume can be determined 
with the aid of a statistical model. In this model, prediction is made based on the equations 
derived from the statistical correlation between water salinity and total wood volume (Karim, 



^ Refers to the Gorai River Restoration Project (GRRP). For details see Chapter 12. 
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1995). For predicting the wood volume in relation to the predicted salinity change under 
different scenarios, the forest compartments (the basic unit of forest management) of SRF 
were the Primary Gorai Impact, Coastal Influence, Western Saline and Eastern Zones. 

The resultant allocation indicates that the area associated with the Gorai River is 54% 
of the total land area and 51% of the effective area. EGIS (2001) provides the list of 
compartments and standing timber volume for 1995 in each zone. The total wood volume 
per hectare for the primary Gorai Impact Zone is, on average, 43.2 m^/ha compared to an 
average of 17.2 m^/ha for the Coastal Impact Zone and 10 mVha-1 1 m^/ha for the Western 
Saline Zone. 

The expected changes to the Primary Impact Zone were 4.9 million m^ in the FWIP 
compared to the FWOP prediction. Of this quantity, 3.86 million m^ was associated with the 
Sundri inventory and 1 .22 million m^ for other species category. Table 7.6 below shows the 
predicted wood volumes under different alternative scenarios. 

Table 7.6. Summary of projected standing stock volume by species composition for alternative 
scenarios (million m^) 



Zone 


Area 

(% of total) 


Sundri 
(million m^) 


Other Spp. 
(million m^) 


Total 

(million m^) 


Baseline Scenario 
Impact Zone 
a.l Primary 


51 


4.86 (71%) 


1.80 (50%) 


6.66 (64%) 


a.2 Secondary 


14 


0.48 (7%) 


0.32 (9%) 


0.80 (8%) 


b. Saline 


33 


0.17 (2.5%) 


1.03 (29%) 


1.20(11%) 


c. Baleswar 


11 


1.30(19%) 


0.44 (12%) 


1.74(17%) 


d. Total 


100 


6.81 (100%) 


3.59 (100%) 


10.4 (100%) 


No flow Scenario 
Impact Zone 
a.l Primary 


51 


0.62 (29%) 


1.08 (3.5%) 


1.71 (33%) 


a.2 Secondary 


14 


0.075 (4%) 


0.54(17%) 


0.61 (12%) 


b. Saline 


33 


0.17 (8%) 


1.03 (33%) 


1.20 (23%) 


c. Baleswar 


11 


1.30 (60%) 


0.44 (14%) 


1.74(33%) 


d. Total 


100 


2.17(100%) 


3.09 (100%) 


5.26 (100%) 



Source: EGIS, 2001 . Data from the Forest Department has been used. 



For the Coastal Influence Zone the inventory change is significantly smaller with a 
gain of 0.56 million m^ of Sundri and unchanged for the other species. In total the inventory 
change amounts to 5.5 million ml 
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Further to this is the change in off-take as growth rates vary or change between 
scenarios. In the FWOP scenarios, 20% of the total volume loss is assumed to be salvaged 
in the year of loss. The composition of the final inventory for the “No flow scenario” 
changes are as marked, largely due to the reduced presence of Sundri. While the inventory 
for the FWIP increases slightly under the model, this makes little difference, as it represents 
vegetation as final inventory as opposed to being part of the annual off-takes. 

The contribution of inventory by zones is markedly different under the FWOP 
scenario, while under the base and FWIP scenarios, the Gorai Impact Zone supports over 
70% of the total inventory. This is predicted to decline to 45% in the FWOP. Similarly the 
proportion of Sundri within this inventory volume will decline from 70% in the base to 4 1 % 
in the FWOP. The Gorai Impact Zone will support 33% of the total Sundri volume under the 
FWOP scenario compared with 78%-80% in the base and FWIP scenario. 

From the above it can be concluded that the primary vegetation cover of the Sundarbans 
will change markedly under the FWOP and will be maintained under the FWIP scenario 
providing that the simulated salinity predictions are attainable. 

The implication of the expected changes to vegetation due to changes in salinity is 
important for the wider timber supply in Bangladesh. There is a nationwide shortfall of 
wood for fuel that is predicted to reach 5 million m^ in the year 2008. The Sundarbans have 
traditionally provided about 45% of the total wood supply. Under the project the Gorai 
impact area will in the FWOP scenario provide 148,000 mVyear for the period of the project 
and effectively nothing thereafter. This level of off-take amounts to less than 10% of the 
current national supply or 21% of the historical level of supply. The continued loss of 
production from the Sundarbans in the FWOP scenario will clearly increase the shortfall of 
wood in the national context. 

A harvest and growth model was developed specifically for application to 
compartments, which have varying areas and growing conditions in the Sundarbans. 
Instead of a statistical prediction, this model takes into account the growing stock, 
in-growth and targeted unofficial rate and effect of top dying in estimating the increment 
for each of the compartments. It also takes into account the volume of crown wood in 
projecting the yield forecast. Annual per hectare volume increments are also adopted from 
the results of the growth analysis of the PSP’s (Karim, 1994). Given the growth and harvest 
assumptions and stocking levels of the compartments belonging to the “Immediate Gorai 
Impact Area” and “Coastal Zone Influence Area”, the growth prediction for each of the 
compartment was carried out for Sundri and Gewa. The predicted estimate of Sundri and 
Gewa wood volume is given in EGIS (2001). The Sundri timber volume increment was 
estimated to be 4.86 million m^ (3.86 million estimated by EGIS, 2001), while Gewa was 
1 .9 million m^ ( 1 .22 million estimated by EGIS, 200 1 ). Table 7.7 shows the 25-year projection 
of Sundri and Gewa wood (including crown wood) from the base year of 1 998. Although the 
estimated wood volumes of the two models provide comparable results, the statistical 
prediction model reported by EGIS (2001) underestimates the increment in wood 
production under the FWIP scenario. This difference is understandable from the model 
that uses two different approaches. In the present case, in addition to the timber volume. 
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crown wood, which has both industrial and ecological value, was also taken into account 
in the computation. In addition, the removal of trees whether official or unofficial (except 
dead trees) was considered as growth in the present model. 

Under the FWIP, the supply of 333,000 m^ per year will continue beyond the end of the 
project. This amounts to only 22% of the national supply or about 50% of the historical 
supply level. 

The loss of commercially valued species within the FWOP scenario represents a major 
change in the incentive system for the protection of the Sundarbans. At present the Forest 
Department (FD) has a strong incentive to protect the Sundarbans forest in order to obtain 
the fees and payments associated with the extraction of the resource. The reduction and 
eventual loss of commercial species (mainly Sundri) may therefore lead to increased land 
conversion, such as occurred in the case of the Chakaria Sundarbans in the Southeast of 
Bangladesh. 

7.4.7 FUELWOODRESOURCES 

Fuelwood comes from natural stands of Goran as well as other small trees, such as Singra, 
Amur and Bhola. Fuelwood also comes from the branches of harvested Sundri, Gewa, and 
other bigger trees. The Goran production area lies mostly in the Western part of the 
Sundarbans located outside the Gorai impact area. Under the FWOP scenario there will 
likely be an increase of the Goran stand in the Gorai impact area at the cost of Sundri 
production. Crown wood volume that could be obtained from Sundri and Gewa will be 
reduced under the FWOP scenario. Khulna Hard Board Mill, which is dependent on the 
Sundri crown wood for its raw material will be affected under the FWOP scenario. Low 
salinity preference species like Amoor, Singra and Bhola will also be reduced under the 
FWOP scenario due to the increasing salinity. The present trend of fuelwood production 
particularly the Sundri and Gewa crown wood volume will continue under the FWIP 
scenario. 



7.5 Impact on Faunal Richness 

Vegetation in the mangrove comprises of plants of both aquatic and terrestrial habitats, 
woody trees, grasses and plankton. Vascular plants are especially important to wildlife. The 
high content of structural materials (cellulose, lignin and silica) that makes many mangrove 
plants resistant to decay also makes them abrasive and difficult to eat but useful for shelter 
from enemies. Salinity or sedimentation that changes vegetation can thus change habitat. 
Although vertebrates in coastal areas often tend to have broad habitat affinities, a few 
wildlife species depend upon a single plant species to a great degree. A change in the 
abundance of such a plant can have profound effects upon associated animals in 
vegetationally simple mangrove communities. 




Table 7 . 7 . 25 -year prediction of wood volume (m^) in the Sundarbans 
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The mangroves fauna reflects the convergence of two types of environments: 
(1) a sheltered marine muddy inter-tidal habitat and (2) a terrestrial forest. Unlike other 
mangroves, mangroves in the Indo-Malayan region are usually multi-layered woodlands 
more than 10 m in height with a closed canopy. As the terrestrial fauna is found mainly on 
the substrate and in the lower levels of the forest, vertical partioning of the two dominant 
kinds of fauna occurs. A third but minor component, a freshwater fauna, may be present 
along the margins of mangroves in their upper regions. 

Within the two major faunal components, subdivisions occur. For example, the 
terrestrial fauna may be restricted to the canopy or to the trunks of trees or be found only 
on the floor of the mangrove during low tide. In some cases, these animals may be restricted 
to zones of particular mangrove species, insects may prefer the rough bark of Rhizophora 
to the smooth bark of Avicennia while some bats feed mainly on the nectar of Sonneratia 
flowers. Similar subdivisions occur within the marine fauna, with some animals being 
restricted to the wetter frontal zones of the mangrove among the Rhizophora. 

Like the terrestrial fauna, the distribution of the marine fauna may be determined by the 
zonation of the mangroves themselves. The density of pneumatophores and the amount of 
debris and fallen logs on the forest floor may be important for cryptic and wood inhabiting 
species by providing cover and protection from desiccation. The density of seedlings and 
the canopy cover, which provides shade, can be important for species living on the surface 
of the mud. Herbivorous species may exhibit feeding preferences for particular mangrove 
species. No data is available on the minimum area of mangroves needed to maintain viable 
population of higher mammals. It is presumed that larger stands of mangroves may provide 
sufficient refuges for some of the fauna to survive during adverse conditions such as 
floods and cyclones. 

In many cases mangroves are contiguous with the adjacent terrestrial forests and 
some of the terrestrial fauna occurs in both habitats. Often these animals use the 
mangroves simply as an extension of the terrestrial habitat but in some cases the 
mangroves provide an essential seasonal source flood or a suitable site for breeding or 
laying eggs. The adjacent vegetation type can influence the terrestrial fauna of mangroves. 
A given type of mangrove may have very different kinds of animals depending on whether 
the adjacent habitat is a tropical forest or a flood plain. The terrestrial fauna can be affected 
by the presence of permanent freshwater, the frequency of flooding, variation in rainfall, 
evaporation and tidal patterns, all of which determine water availability and its temporal 
distribution at critical times of the year for both sedentary and migratory species. 

The information on the relation between the habitat quality and the distribution of 
wildlife in the Sundarbans is scanty. Animal diversity decreases with the decrease of forest 
strata. The dense forest cover with multiple strata provides varied ecological niches and 
supports a stable ecosystem. Any reduction of forest cover and strata diversity in the 
Sundarbans is likely to have an adverse impact on faunal diversity. 
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7.5.1 WILDLIFE AND SALINITY INTERACTIONS 

Wildlife is here considered as the higher vertebrates: mammals, birds, reptiles, amphibians, 
and animals, which have received attention in the inventory reports of the Sundarbans and 
most often noticed by casual visitors. Salinity patterns affect wildlife in a variety of ways 
such as salinity tolerance, food availability, habitat preference and predator control. Most 
estuarine animals, however, show distributions or behaviors that are related to salinity. 
Large bird species with salinity tolerance and broad diets seem relatively unresponsive to 
salinity. Some species, particularly those requiring preferred vegetation cover for their 
habitat and diet, will be affected by salinity. Not much is known from the Sundarbans but 
studies from the salt marsh and other coastal areas suggest that the mammal community 
composition shows species sorting along salinity gradients. Muskrats are most common in 
brackish marshes while nutria are most common in fresh marshes (Abemethy, 1987). 
Gordon and Tucker (1965) found that the Thailand crab-eating frog spawns after rains 
when the rainwater freshens the brackish pool, although the frog can tolerate 20% of 
seawater. Low salinity favors the larval development. 

Population density may vary with salinity, or different age and sex classes of a 
population may use habitats with different salinity. Juveniles of American crocodiles 
cannot tolerate full strength seawater and need estuarine nursery habitats. American 
alligator juveniles and adult females live in fresh ponds while adult males live mainly in 
saline marsh creeks. Species may use a mosaic of habitats of different salinity to satisfy 
their needs. 

lUCN (1994) lists at least 35 species of reptiles, more than 270 species of birds, and 
42 species of mammals although these are not sourced. The later report lists 425 species in 
the Sundarbans of which 49 species are mammals; 315 birds; 53 reptiles and 8 amphibians. 
This reporting is very unclear as, on the same page, it states that there are closer to 
300 species of fish (pp. 100), 290 birds, 42 mammals, 35 reptiles and 8 amphibians. The same 
report presents the following illustrative table (Table 7.8). 

Table 7.8. Reported faunal observations in SRF 



Groups 


Khan (1986) 


Sarker(1986) 


Scott (1991) 


Aipphibia 


8 


10 


8 


Reptilia 


50 


63 


35 


Aves 


261 


282 


270 


Mammals 


49 


41 


42 



Quite clearly this suggests that for birds and reptiles there is a need for clarification 
and further work to identify what species are present, the consistency of reports for 
amphibia and mammals suggests at least some degree of agreement. 
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Faunal diversity in the sanctuaries is large, with some 289 terrestrial species identified 
by Seidensticker and Hai (1983), and 219 aquatic species by Chantarasri ( 1 994). EGIS (200 1 ) 
confirmed most of these as being present (Table 7.9). 

Table 7.9. Faunal species in the Sundarbans 



Groups 


East 


South 


West 


Anphibia 


3 


7 


5 


Reptilia 


13 


11 


12 


Aves 


73 


52 


49 


Mammals 


12 


13 


14 


Total 


101 


83 


80 



Source: EGIS, 2001. 

The reduced faunal diversity reported for the West and South Sanctuaries compared 
to the Eastern Sanctuary mirrors the declining diversity in floral representation. It is 
noteworthy that the West Sanctuary has some 20% fewer faunal species. Understanding 
these changes will be addressed through special studies. The extended survey highlights 
the richness of the East Sanctuary compared to the others. This richness is most notable in 
the Avian taxa. Most importantly this dataset reports four globally threatened species of 
which only two are represented in the other sanctuaries. 

Currently, the sanctuaries represent 33% of SRE mammal species, 27% avian species, 
34% reptiles and 40%-50% amphibia. The table above indicates one potential area for 
monitoring faunal species. Avian species appear to be a good indicator of the status of the 
underlying habitat and ecosystem in the different sanctuaries. A clear review of the 
differences of avian species is a clear priority, which should be used to design an avian 
monitoring program as a potential indicator of change or status of habitat in different areas. 
Clearly one of the most urgent priorities is to evaluate/confirm the biodiversity in the SRE 
and then redesign a conservation system that provides an appropriate level accounting for 
the dynamic changes that are occurring in the three sanctuaries. 

The distribution of wildlife is also changing, as with the changed vegetation pattern, 
the trend of which is difficult to ascertain at the present level of information. Given that the 
data are from secondary documentation, there is a basis for developing monitoring 
program priorities. For example, species that are not found in the West Sanctuary should 
be monitored closely in the East Sanctuary. The reported changes to fauna in the West 
need to be related to changes in habitat and then monitored to establish the trends and how 
these may be reflected in faunal changes. Earlier wildlife research has hypothesized that 
the increase in salinity is driving changes to habitat to the extent that faunal populations 
are moving to avoid high salinity conditions. This should be a priority for the assessment 
of faunal abundance. 
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A major gap in the existing conservation knowledge is the lack of data on faunal 
populations. While most comment on the tiger populations there is a need to assess the 
population of a range of faunal species especially if a species is considered threatened or 
endangered of which Sarker (1993) identified 46 in the Sundarbans. The relative 
proportions of ‘at risk’ species for fauna and flora are presented in tables which highlight 
the importance of the Eastern Sanctuary, which currently has 21% of its species classified 
as being ‘at risk’. Of the 33 considered to be ‘at risk,’ 4 are considered to be at risk from an 
international perspective, which alone with the icon of the Royal Bengal Tiger would 
indicate significant global value in the protection of biodiversity (Table 7.10). 

Table 7.10. Faunal Taxa breakdown 



Sanctuary 


Order 


Family 


Genera 


Species 


Nationally 

Rare 


Globally 

Threatened 


West 




Aves 


69 


72 


84 


13 


1 




Amphibian 


2 


2 


5 


- 


- 




Mammals 


11 


12 


15 


- 


- 




Reptile 


7 


10 


11 


3 


- 




Total 


89 


96 


115 


16 


1 


South 




Aves 


65 


67 


80 


9 


2 




Amphibian 


3 


3 


6 


- 


- 




Mammals 


12 


12 


13 


- 


- 




Reptile 


9 


9 


10 


2 


- 




Total 


89 


91 


109 


11 


2 


East 




Aves 


81 


83 


108 


24 


2 




Amphibian 


3 


3 


4 


- 


- 




Mammals 


12 


12 


12 


1 


1 




Reptile 


10 


12 


13 


4 


1 




Total 


106 


110 


137 


29 


4 



Source; EGIS, 2001. 

There is a lack of appreciation and application of the precautionary approach within 
the management plans despite the claim that it is an important factor in planning. Given the 
lack of information on faunal biodiversity, especially the linkages between habitat and 
predator-prey relationships (including prey switching) it is extremely risky to intervene to 
promote additional tiger prey. To increase spotted deer populations through habitat 
manipulation when the habitat is undefined, the constraints on populations are unknown, 
and the effect on the wider habitat and faunal landscape is an extremely risky strategy that 
does not reflect a precautionary approach. 

7.5.2 TERRESTRIAL FAUNA 



The area is known for its wide range of flora and fauna including the Royal Bengal Tiger 
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(Panthera tigris) (Figure 7.5), over 270 spp. of birds, 35 spp. of reptiles and 42 spp. of 
mammals are recorded. At present there are some 42 species of mammals within and near 
the SRF'. The larger terrestrial mammals found in the SRF are: Tiger {Panthera tigris). 
Spotted Deer {Axis axis), Wild Boar {Sus scrofa). Barking Deer {Muntiacus muntjak) and 
Rhesus Macaque {Macaca mulatto). Fishing cats {Felis viverrinus,) and also jungle cats 
{Felis chaus) have been reported from the Sundarbans. Different authors provide rough 
population estimates of the mammals in the Sundarbans. How the terrestrial mammals and 
the amphibians will be directly affected due to the decrease in freshwater is not known. 
There are many species of birds, which are opportunistic in the sense that they roost inside 
the Sundarbans and gather food from the neighboring areas. These birds breed in the 
mangrove areas as well. It is however apparent that birds which prefer a tall canopy for their 
nesting will suffer much with the increasing salinity. 




Figure 7.5. The Royal Bengal Tiger. 

7.5.3 AQUATIC BIOTA AND FISHES 

The vast network of rivers and creeks inside the Sundarbans provide habitats of a wide 
variety of Planktonic (small floating organism) andNektonic (actively swimming pelagic 
organisms). Not much is known on the ecology of the aquatic biota of the Sundarbans. The 
literature dealing with the aquatic biota of the Sundarbans lists at least 7 species of aquatic 
mammals (4 dolphins, 1 species of gavial, and 2 species of otter), 7 amphibians, and 
16 species of reptiles have been reported from the Sundarbans. Prominent among them are 
2 species of crocodiles {Crocodylus porosus, Crocodylus palustris), 2 species of monitor 
lizards, 5 species of snakes and 1 species of river terrapin, 4 species of turtle and 4 species 
of marine turtles. Among these species Batagur baska and Crocodylus porosus have 
restricted distribution in the Eastern low saline areas of the Sundarbans. Sundarbans also 
provide habitat for a rich diversity of fishes, shrimps and molluscs. It includes 53 species of 
pelagic fish, 124 species of demersal fish, 24 species of shrimps, 7 species of crabs, 
2 species of gastropods and 6 species of pelecypods. Besides, the contiguous water in the 
offshore also supports a large variety of marine organisms. 
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The environment of the Sundarbans as nursery ground of so many marine fishes 
would deteriorate as salinity rises. This would be due not only to less freshwater in the dry 
season but also less water supply in the wet season. It is expected that the low saline 
dominant species would be replaced by medium to high salinity dominant species in this 
area. Fishes like pungas, bhetki and golda may be invaded by datina, poa and sharks. 

Of all options, habitat deterioration would increase under the FWOP condition. 
Expected degradation, is due to the increase of salinity, mainly in the dry season, which 
would negatively affect the fish population and biodiversity. The aquatic condition of the 
Sundarbans as the nursery ground for many marine fishes would be severely affected. 
Marine fishes usually breed in salinity less than 26 ppt, and in the future of this option, 
salinity higher than this range would be exceeded in several parts of the Sundarbans. 

Due to the increase of salinity concentrations of ichthyoplankton will be reduced and 
the reduced use of nursery grounds by marine fishes is expected. As juveniles of many 
marine species of prawns and fish such as Chaka Chingri (Penaeus indicus), Gura Chingri 
(Leander stylif era), various sciaenids and ribbon fish (churi mach) migrate into the lower 
zone of the estuary during the winter and summer months to feed and then return to the sea 
with the onset of the monsoon, it is expected that these species would invade Northward 
and Northeastward and low saline dependant species will be affected. With the increase of 
salinity, sharks will increase and they may have higher predation. 

However, in spite of species changing, which has a tremendous biological and 
ecological importance, the total production would not change. Long-term negative impacts 
would affect marine fish that depend on the Sundarbans for at least some part of their life 
stages. 



7.6 Water Quality and Aquatic Biota 

Mangroves are believed to have the capacity to absorb high levels of nutrients, 
particularly those contained in sewage. It has been shown that heavy metals contained in 
the sewage sludge are indeed released and are accumulated by species in the mangroves 
and sea grasses to which it is discharged. In the seedlings of Baen {A. alba) and Xana 
{R. mucronata) they appear not to be adversely affected by zinc, lead, cadmium and 
mercury, but such materials, once accumulated in their tissues, can be passed along the 
food chain, ultimately attaining unacceptably high levels in species consumed by humans. 
Dredging spoils suspended into the rivers can cause serious problems in estuaries by 
decreasing the photosynthesis of aquatic plants, by smothering benthic organisms, by 
reducing the level of dissolved oxygen and by releasing toxic substances, which have 
accumulated in the sediments. If the sediments are spread over the mangrove floor many of 
the mangrove plants will die. 
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With the increase in intensified agriculture, industrial growth and port activity, the 
pollution load in the rivers will increase considerably. Mongla Port has no oil spill 
management plan in operation. Salinity gradients along a river will determine which species 
penetrate upstream providing suitable habitats which are otherwise present as salinity 
affects the zonation of mangroves. 



7.7 Salinity and Fish 

According to EGIS (2001), 53 species of pelagic (27 families), 124 species of demersal 
(49 families), 24 species of shrimp (5 families), 7 species of crab (3 families), 4 species of 
lobster, 2 species of snail, 6 species of mussel and 3 species of turtle currently live in the 
Sundarbans. The Northern and Northeastern part of the Sundarbans have low saline 
especially in the wet season. There are a number of freshwater species here due to the low 
salinity: e.g. Golsha Tengra (Mystus cavasius), Poma (Pama pama), Phesa, Pangus 
(Pangasius pangasius), Golda (Macrobrachium rosenbergii), Rui (Labeo rohita), Catla 
(Catla catla), Shoal (Channa striatus), Taki (Channa punctatus), Shing (Heteropneustes 
fossilis), Magur (Clarius batrachus), Koi (Anabas testudineus), Puti (Puntius spp.), etc. 

In the Western and Southern part (due to non-availability of freshwater), salinity is 
very high, and species like Datina, which live there are dependent on high salinity. 

The fishes that use the Sundarbans as a nursery ground and return to the sea or 
freshwater are Khorsula (Mugil corsula), Golsha Tengra, Goina, Rui, Catla, Shoal, Taki, 
Pungas Tengra, Shing, Magur, Koi, Puti, Datina (Pomadasys spp.), Bagda (Penaeus 
monodon), etc. 

A number of fish species spend most of their life stages outside the Sundarbans, but 
come to breed there: e.g. Golsha Tengra, Poma, Phesa (Setipinna spp.), Pangus, Golda, 
Toposhi (Polynemus paradiseus), Pairsha, Chamua Chingri, etc. Reduced salinity induces 
ichthyoplankton concentration. Marine fish like Gogot (Tachysurus jella), Apula 
(Osteogeneisus militaris), Lakhya (Polynemus indicus) andTailla (P. Tetradactylus) come 
to this area for spawning. Fish that use the Sundarbans as both a nursery and a spawning 
ground are Golsha, Tengra and some other species. 

Many marine fishes come to the Sundarbans only for feeding as this area is rich in 
food organisms: e.g. Chaka Chingri, Chali Chingri, Motka Chingri, Tiger Chingri, Gura 
Chingri (Leander stylifera), Begi, Ilish (Tenualosa ilisha), Rup Chanda, Gang Thurina, 
Boiragi, Potka, Shapla Pata, Kamot, Tulardati (Silago domina), Pokki, Pankha, Bairn, Churi 
(Lepturacunthas savale), Lottya (Harpadon neherius), Kaldi, Korina, etc. Juveniles of 
many marine species of prawns and fishes such as Chaka Chingri (Penaeus indicus), Gura 
Chingri {Leander stylifera), various sciaenids and ribbon fish (churi mach) migrate into the 
lower zone of the estuary during the winter and summer months to feed and then return to 
the sea with the onset of the monsoon. 
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Some fish e.g. Koral (Lates calcarifer), Jaba, Kawn, Chitra, Chapli Chela, Tarial, Borial, 
Crab, Renua (mudskeeper - Boleophthalmus spp) and others, spend most of their life 
stages in the Sundarbans. Thus it appears that the Sundarbans plays a vital role in the life 
cycle of freshwater, brackish water and marine fish forms for their different life stages. 
Many threatened and endangered species live in the Sundarbans as well: e.g. among them 
Khorsula (critically endangered) and Pangus (endangered). Table 7.11 summarizes the fish 
species that pass their different life stages in the Sundarbans. 

Table 7.11. Fish species list of the Sundarbans according to their life stages 



Spawning 


Nursery 


Feeding and 
Other 


Resident 


Golsha Tengra 


Khorsula 


Chaka Chingri 


Koral 


Poma 


Golsha Tengra 


Chali Chingri 


Jaba 


Phesa 


Goina 


Motka Chingri 


Kawn 


Pangus 


Rui 


Tigar Chingri 


Citra 


Golda 


Catla 


Gura Chingri 


Chapli Chela 


Toposhi 


Shoal 


Begi 


Tarial 


Pairsha 


Taki 


Ilish 


Borial 


Chamua Chingri 


Pangas Tengra 


Rup Chanda 


Crab 


Gogot. 


Shing 


Gang Thurina 


Renua 

(Mudskeeper) 


Apula 


Magur 


Boiragi 




Lakhya 


Koi 


Potka 




Tailla 


Puti 

Datina 

Bagda 


Shapla Pata 

Kamot 

Tulardati 

Pokki 

Pankha 

Bairn 

Churi 

Lottya 

Kaldi 

Korina 





Source: EGIS, 2001. 



7.8 Fauna of Conservation Significance 

7.8.1 MAMMALS 

The Sundarbans terrestrial fauna are unique, particularly the Royal Bengal Tiger {Panther a 
tigris tigris). These species have been considered globally endangered and are included in 
the Red Databook and CITES schedule-I. Together with the Indian part, the Sundarbans 
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provide the last refuge for a viable population of the Royal Bengal Tiger. Reduction in flow 
regime will be a chronic stress, which involves inflicting a change that operates over a 
longer period, as a continual pressure on the system. Available information reveals that 
excepting the Royal Bengal Tiger (Panthera tigris tigris) most of the endangered-recorded 
faunas are restricted to the freshwater dominant areas. Some large mammals, which were 
exterminated from the Sundarbans, were also recorded from the Eastern part of the forest. 
Water buffalo (Bubalis bubalis), single homed rhinos {Rhinoceros unicornis) and swamp 
deer (Cervus deruchea) are primarily freshwater swamp species. Historical records suggest 
that the last sighting of these animals were in the North and Eastern part of the forests. The 
reduction of freshwater flow and associated change in geomorphology and the increasing 
human pressure probably induced the habitat change ultimately exterminating the species 
from the area. 

7.8.2 BIRDS 

More than 350 species of birds have been reported from the Sundarbans, more than most 
other similar regions of the world. The forest supports 80 species of kingfisher and other 
passerine birds of which Brown Winged Kingfisher (Palargopsis amauroptera) and the 
Ruddy Kingfisher (Halocyon coromandra) are found only in the Sundarbans (Khan, 1982). 

7.8.3 REPTILES AND AMPHIBIANS 

At least 35 species of reptiles and 8 species of amphibians are known to occur in the 
Sundarbans. The Sundarbans now supports the only population of estuarine crocodile in 
Bangladesh. A breeding population of the endangered river terrapin Batagur baska was 
found in the freshwater areas of the Sundarbans, not reported in recent times. Other 
important reptiles such as the rock python and monitor lizard (Varanus salvator) can only 
be found in the freshwater areas in the Eastern part of the Sundarbans. The green frog, 
which is endangered in Bangladesh, was recorded in the Northeastern part of the forest. 



7.9 Ecosystem Integrity 

Ecosystems are highly integrated systems, with recurrent patterns that only become 
apparent from the consideration of the whole ecosystem. The most undisturbed natural 
ecosystems are in equilibrium, a product of internal regulation. The idea is that the 
interactions between species and its natural environment have evolved, and during its 
development, the biotic community becomes highly integrated. 

Integrity also implies an unimpaired condition, or the state of being ‘complete’ or 
‘undivided’. Biological integrity is defined as “the ability to support and maintain a 
balanced, integrated, adaptive biological system having the full range of elements (genes, 
species, and assemblages) and processes (mutation, demography, biotic interactions, 
nutrient and energy dynamics, and metapopulation processes expected in the natural 
habitat of a region)” (Karr, 1996). 
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In practical terms under a setting of environmental interactions, the biotic communities 
show some degree of regularity in a number of parameters, maintaining relatively constant 
structures and functions over the long-term. All biotic communities are constructed around 
a trophic ‘skeleton’ of the ecosystem. Some features of the community may be constrained 
to be structured in a particular way. Mangroves are open ecosystems and are one of the 
most fragile ecosystems on earth. Under natural conditions the ecosystem remains in a 
dynamic equilibrium - a product of interaction of ecological factors. 

The Sundarbans form an ecological continuum along the gradient of low to high 
salinity. All species are adapted to the changing gradient and seasonal variation of the 
salinity. For example, the Sundri dominant forest type is limited to the freshwater dominant 
Northeastern part. It loses its dominance with increasing salinity. Many of the associated 
flora and fauna also disappear. It appears that under the FWOP condition the entire Sundri 
forest type will be subjected to increased salinity inducing a change in floral dominance. 
Based on the principle of co-evolution it can be predicted that with the change in forest 
type the faunal assemblage will also change. 

The delta history of the Ganges basin is a long history of co-evolutionary processes 
and the interaction between natural and cultural forces of human land use. There has been 
continued exploitation of the upstream water, which was incorporated into the ecosystem 
development with natural perturbations of climate at different spatio-temporal scales. They 
resulted in the establishment of a human maintained dynamic long- and short-term flow 
equilibrium which the landscape ecologist call “homeorhesis” (from the Greek, meaning the 
“preserving the flow”) between the natural and cultural artifacts of human exploitation. In 
homeorhesis, the system is not returned to a stationary state like in homeostatic climax 
systems, but will move along the same trajectory of change, as long as the changes are not 
abrupt. 

As discussed under the earlier scenario, there will be impoverishment of structural and 
biological diversity. The loss of many rare and endemic plant and animal species is closely 
tied to the loss of overall gradient of salinity from low to the marine salinity during the dry 
season, and freshwater to brackish water during the rainy season. 

Many communities undergo cyclical changes with different parts of the system in 
different phases of the cycle. The occurrence of a number of patches in the tropical forests 
represents the dynamic changes in the ecosystem. The individual patches within the 
ecosystem can have a different collection of species. Overall, the mosaic formed by these 
patches represents the equilibrium of the whole ecosystem. Obviously, the capacity to 
maintain metastable condition of the ecosystem depends upon the maintenance of the 
diversity of patches. Under the FWOP scenario due to the loss of patch diversity, the 
habitat diversity will also be simplified. 

A frequently asked question is “What amount of freshwater flow is required to 
maintain the ecological integrity of the SundarbansT Experimental studies on the effect of 
salinity on different mangrove species indicate that Sundri seedlings show optimal growth 
at a salinity range of 1 0 ppt surface salinity. Growth is retarded with the increase in salinity 
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and will die at a salinity concentration of 20 ppt (Karim, 1 993). Available literature indicates 
that both species richness and standing tree volume is also highest where the water 
salinity during the dry period is <15 ppt. Thus 10 ppt- 15 ppt dry season salinity 
concentration in the surface water may be considered to be the threshold level for optimum 
forest production and maintaining ecological integrity. 

The productivity of the mangrove ecosystem depends on a dynamic balance among 
freshwater flow, sedimentation, erosion and species composition. A significant change in 
any of these factors can create conditions resulting in changes in the vegetation and 
landform. 

The Sundarbans ecosystem is one of the most productive ecosystems of the country. 
The products include woods and non-woods plant resources, fisheries, shells and 
molluscs. Increased salinity not only affects plant association but also impacts on 
productivity. Under the FWOP scenario, the ecosystem will be immune to the ecological 
risks ranging from loss of productivity, habitat deterioration, increasing pollution load, etc. 
The risks should be monitored, detected and then remedied before serious damage occurs. 

The low salinity open water portion of the mangrove estuaries is a region of 
exceptional value to fish. This region receives fish eggs, larvae, young freshwater 
spawners, estuarine spawners, semi-andromous and andromous fish, and even some 
larvae spawned in the lower estuary or ocean, and this habitat acts as a control on 
distribution ecology. These fish nurseries merit special care and protection. 

Different species of Nekton (fish) have evolved various life history ‘strategies’ for 
living in mangrove estuaries. Reconnaissance survey of EGIS team (EGIS, 2001) has 
observed that species composition represents a continuum of life history pattern along the 
gradient of salinity. There are fish which are potamodromous, whose migration occurs 
wholly within freshwater, and diadromous fish that migrate between the sea and freshwater. 
The diadromous fishes must pass through estuaries on their migrations and most species 
spend a considerable amount of time there. Under the FWOP scenario, the habitat of the 
potamodromous fish will be greatly reduced. FWIP will maintain the gradient of salinity and 
protect the integrity of the aquatic habitat. 

Restoring the flow of the Gorai under FWIP (Case-2) will maintain the ecological 
gradient of the Sundarbans and ensure habitat diversity. However, to achieve the intended 
benefit to maintain the ecological integrity of the ecosystem other extraneous factors such 
as over exploitation of the resources, indiscriminate abstraction of surface water upstream 
and the reduction of pollutants need to be ensured. The SBCP project funded by ADB 
intends to implement a comprehensive management plan towards achieving these 
objectives. 

7.9.1 SUNDRITOPDYING 

The greatest damage to the commercially valued Sundri trees is due to ‘top dying’, a 
disorder causing death of the trees from the top downwards. This has threatened not only 
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the sustained forest productivity in the short-term but may also lead to the extinction of a 
globally unique 'Heritiera fores f type in the long-run. Curtis (1933) noted 669 sound and 
19 top dying Sundri per ha. Subsequent enumeration of dead and dying trees was carried 
out, and during 1975-1 976 there was 122 per ha. The affected trees were found to be highest 
at 183/ha in quality class-II. Chaffey et al (1985) reported their results from a randomly 
located sample in the Sundarbans during 1983-1 984. Their results indicated that severity of 
damage was maximum in Block 5 A. In this block 25% of the trees suffered from moderate 
crown damage (<50% crown damage) and 22% of the trees suffered from severe crown 
damage (>50% crown affected). 

A recent study showed that 90% of the top dying occurs within the Gorai impact area 
(FRMP, 1998). Table 7.12 shows the amount of timber with the top dying infected trees. 
Recent inventory results show that the volume of top dying Sundri stands at around 

215.000 m^ throughout the Sundarbans and most of the area falls within the Gorai project 
area. Restoring the freshwater flow through the Gorai is likely to have a positive impact in 
improving the top dying of Sundri through improving the site factors. None of the causes 
except the freshwater flow can be maintained by human intervention to prevent the top 
dying phenomenon. If this option is also forfeited through the closing of the Gorai then the 
loss due to top dying is an accepted condition. 

There are several hypotheses about the causation of top dying, but until now, there 
appears to be no definitive cause and no agreed solution to the problem. The prevailing 
hypotheses are grouped into at least five categories such as pathogenic, reduction in 
freshwater flow, sedimentation, cyclone and tidal surges and the natural maturity of the 
delta (Karim, 1 995). Ciesla and Donaubauer ( 1 994) consider that top dying is likely to be a 
combination of interacting abiotic and biotic factors and the syndrome represents 
vegetation under stress, salinity being one of the stress factors. The available causal 
hypothesis was evaluated to identily mitigation measures by Karim (1995), summarized in 
Table 7.13. 

7.9.2 NON-WOOD PRODUCT 

There are a number of non-wood forest resources such as Golpata, honey, beeswax, grasses, 
hantal, and other minor products. Officially recorded harvests of Golpata over the period 
1991-1996 averaged 67,000 metric tons per year with the last three years averaging 

65.000 million tons, a more or less constant trend. Besides the non- wood forest products 
such as Nal and other reeds and Cyperus grass production can be adversely effected due 
to the increasing salinity as the productivity of this species were found to be sensitive to 
salinity. Recent inventory results on Golpata showed no marked variation on the yield per 
unit area in different salinity regions (14.6 t/ha). Most of the mangrove literature including 
that from the Indian Sundarbans shows that growth and size of the frond is retarded with 
the increase in salinity. 

Under the FWOP scenario, there is likely an increase in Goran stand and other saline 
tolerant species like Khalshi, Baen Passur and Keora. Increasing the abundance of those 
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species may increase the potential nectar sources for honey production. Under the FWIP 
no marked change in honey production is anticipated from the baseline. 



Table 7.12. Estimated volume of infected Sundri in the Gorai impact areas in the Sundarbans 



Conpartment Number 


Estimated Volume of 
Infected Sundri (m^) 


8 


9,635.3 


17 


3,107.3 


18 


13,280.4 


19 


12,968.3 


20 


7,657.5 


22 


11,133.0 


25 


4,609.3 


29 


2,159.1 


31 


10,925.2 


33 


16,752.3 


34 


4,443.5 


35 


1,578.8 


36 


26,201.1 


37 


22,680.6 


38 


3,513.3 


40 


8,942.8 


42 


1,532.6 


43 


1,922.4 


45 


6,966.6 


46 


135.9 



Source: FRMP, 2000. 



7.9.3 FISHERIES PRODUCTION 

It is estimated that 30% of the gross area of the Sundarbans are water bodies (rivers and 
creeks). These areas constitute important fisheries production. It is estimated that 
fisheries resources of the Sundarbans contribute to at least 5% to the total fish harvest of 
Bangladesh. The annual harvest from the Sundarbans forest includes 761 mt hilsa, 
134 mt cat fish, 141 mt Bombay duck, 232 mt Joo fish, 214 mt Bagda and 274 mt Golda 
shrimps. About 396 mt of live crabs are also exported from the Sundarbans (FAO, 1995) and 
about 2.53 million shrimp fry are collected. The annual value of fish caught is calculated to 
be Taka 1.84 billion. Under the FWOP scenario the shrimp fry (particularly Bagda fry) 
availability will be increased, while under FWIP, Golda shrimp fry will be increased. 




Table 7.13. Evaluation of causal hypothesis of top dying of Sundri 
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7.10 Impacts on Ecosystem Services 

Mangroves are densely vegetated mudflats that exist at the boundary of marine and 
terrestrial environments. They play an important role in estuarine and near shore 
ecosystems and their densely interwoven trunks and roots provide a vital habitat for many 
marine and terrestrial organisms. Mangroves with their high primary productivity export 
organic matter to support the production of the adjacent coastal waters. The Sundarbans 
ecosystem is also greatly valued for its nutrient export to the near shore fisheries in the 
contiguous areas of the ecosystem. The nutrient export is also a function of the rate of 
decomposition of detritus. Different mangrove plants differ in their rates of decomposition. 
Besides the quality of the litter, other factors that control the rate of decomposition are 
availability of oxygen, moisture availability, physical agitation by tidal action and the 
presence of macrobenthos. Studies from other coastal studies reveal that the biomass 
distribution of macrobenthos varies from 64% in freshwater, 23% in oligohaline, 0.5% in 
mesohaline and 3.5% in polyhaline condition. 

7.10.1 FRESHWATERFLOW AND POLLUTION 

The Sundarbans mangrove ecosystem is increasingly exposed to various types of 
non-point (agricultural), and point (industrial and urban runoff) sources of pollution. 
Intensive agricultural activity upstream has increased with the accompanied increase of 
insecticides, fungicide and fertilizers. At present at least 20 insecticides, 1 8 fungicides and 
2 synthetic organic insecticides, aldrin dieldrin, endrin and hepatchlor are common. 
Indiscriminate use of these potential toxic chemicals in the agricultural field results in them 
having to ultimately be carried to the Sundarbans downstream through the rivers. Khulna 
City that lies 50 km upstream of the Sundarbans has a considerable number of industries 
located in the three large industrial zones of Rupsa, Khalishpur and Shiromony. These are 
some of the pollution hotspots identified by the Department of Environment (DoE). These 
industries discharge more than 4,500 m^/ha waste water in the river, which is ultimately 
carried to the Sundarbans through the Bhairab-Rupsa system. 

The increased flow of freshwater in the river apparently has a ‘dilution effect’ on the 
pollutants (particularly BOD, COD, organochlorine and heavy metals). The rivers under 
natural condition have a limited capacity to assimilate pollutants. However, if the 
concentrations of the pollutants increase beyond certain threshold values, then the 
adequate dilution does not occur resulting in discharges that may adversely affect the 
mangrove ecosystem. Not much data is available on the status of pollutants in the 
Sundarbans. Recent studies indicate that the DO (Dissolved Oxygen) at Khulna point 
varies between 6 mg/1-12 mg/1, which shows that the Bhairab River which is distributary to 
the Gorai at Khulna point, has only a slightly polluted organic load (Figure 7.6). 

Under the FWOP condition (Case-1) the freshwater flow from upstream into SRF 
would continue to decline, resulting in inland intrusion. More and more areas would 
become high saline zones. Analysis shows that only 12% of the area of the SRF would 
remain in the moderately-to-low saline area, 4% in 5 ppt-10 ppt and 8% in 10 ppt-15 ppt 
level, with the rest of the 88% is moderately in the high-to-high saline area. The change in 
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area continues upto 20 ppt level, while the high productive 1 0 ppt- 1 5 ppt range would lose 
more than half of its baseline condition (>28 thousand hectare) (EGIS, 200 1 ). 




Figure 7. 6 . Dissolved oxygen (DO in mg/1) in the river Bhairab at Khulna, minimum monthly values 
in the KNM analysis series (according to national water quality criteria: DO should be higher than 
6.0 mg/1 in potable water sources and higher than 5.0 mg/1 in other watercourses). 



References 

Abemethy, Y. and Turner, R.E.: 1987, U.S. Forested Wetlands: 1940-1980, Bioscience 37(10), 
21-727. 

Bangladesh Water Development Board (BWDB): 1977, Special Studies, BWDB, Dacca. 

Bunt, J.S., Williams, WT. and Clay, H.J.: 1982, River water salinity and the distribution of mangrove 
species along several rivers in North Queensland, Australian Journal of Botany 9, 111-120. 

Chaffey, D.R., Millar, F.R. and Sandoun, J.H.: 1985, A Forest Inventory of the Sundarbans, Bangladesh, 
Land Resource Development Center, U.K. 

Chantarasri, S.: 1994, Integrated Resource Development of the Sundarbans Reserved Forest, 
Fisheries Resources Management for the Sundarbans Reserved Forest, UNDP/FAO, Khulna, 
Bangladesh. 

Ciesla, W. and Donaubaur, E.: 1994, Decline and Dieback of Trees and Forests: A Global Overview, 
Food and Agriculture Organization of the United Nations (FAO) Forestry Paper # 120, FAO, 
Rome. 

Curtis, S.J.: 1933, Working Plan for the Sundarbans Division for the period from April P' 1931- 
March 3P' 1951, Bengal Government Press, Calcutta. 






Implications on Ecosystems 



161 



Environment and Geographic Information Services (EGIS): 2001, Environmental and Social Impact 
Assessment of Gorai River Restoration Project- Volume II: Annexes, EGIS, Dhaka. 

Food and Agriculture Organization of the United Nations (FAO): 1995, Integrated Resource 
Management Plan of the Sundarbans Reserved Forest, FAO/UNDP, Dhaka. 

Forestry and Engineering International Ltd. (FORESTAL): 1960, Forest Inventory 1958-1959 
Sundarbans, FORESTAL, Vancouver, Canada. 

Forest Resource Management Project (FRMP): 1 995, Report on Forest Resource Management Project 
(FRMP), Department of Forest, Government of Bangladesh, Dhaka. 

Forest Resource Management Project (FRMP): 1998, Report on Forest Resource Management Project 
(FRMP), Department of Forest, Government of Bangladesh, Dhaka. 

Forest Resource Management Project (FRMP): 2000, Report on Forest Resource Management Project 
(FRMP), Department of Forest, Government of Bangladesh, Dhaka. 

Gordon, M.S. and Tucker, V.A.: 1965, Osmotic regulation in the tadpoles of the crab eating frog Rana 
cancrivora, J. Experimental Biology 42, 437-445. 

lUCN: 1994, Mangroves of the Sundarbans Volume II: Bangladesh (Z. Hussain and G. Acharya 
Eds.), lUCN, Bangkok. 

Karim, A.: 1993, Plant diversity and their conservation in freshwater wetland. In: A. Nishat, Z. 
Hossain, M.K. Roy and A. Karim (Eds.), Wetlands in Bangladesh, lUCN, Gland, Switzerland. 

Karim, A. : 1 994, The physical environment. In: Mangroves of the Sundarbans Volume II: Bangladesh 
(Z. Hussain and G. Acharya Eds.), lUCN, Bangkok. 

Karim, A.: 1995, Ecological Implications of the Changing Natural Flow of Water on the Ganges River 
Ecosystem. In: H. J. Moudud (Ed.) Women for Water Sharing, Academic Publishers, Dhaka. 

Karim, A.: 1988, Environment factors and the distribution of mangroves in the Sundarbans with 
special reference to Sundric C. Heritiera fomes, unpublished PhD Thesis, University of Calcutta, 
Kolkata, India. 

Karr, J. R.: 1996, Ecological integrity and ecological health are not the same. In: P. Schulze (Ed.) 
Engineering Within Ecological Constraints, National Academy Press, Washington, D.C. 

Khan, M. A. R. : 1 986, Wildlife in Bangladesh mangrove ecosystem. Journal of the Bombay Natural 
History Society 83, 32-48. 

Khan, M. A. R.: 1982, Wildlife of Bangladesh, a checklist. University of Dhaka, Dhaka. 

Milward, N.E.: 1982, Mangrove-dependent bioto. In: B.F. Clough (Ed.), Mangrove Ecosystems in 
Australia, Australian National University Press, Canberra, 56-62. 

Overseas Development Administration (ODA): 1984, Forest Inventory of the Sundarbans, ODA, 
London, UK. 

Saenger, R, Specht, M., Specht, R.L. and Chapman, V.J.: 1977, Mangal and coastal salt-marsh 
communities in Australia. In (VJ. Chapman Ed.), Ecosystems of the World, Vol I: Wet 
Ecosystems, 293-345. 

Sarker, S. U. and Sarker, N. J.: 1986, Status and distribution of birds of the Sundarbans, Bangladesh, 
The Journal of Naomi 3: 19-33. 

Sarker, S.U.: 1993, Ecology of Wildlife UNDP/FAO/BGD/85/01 1, Field Document# 50, Institute of 
Forestry and Environmental Sciences, Chittagong, Bangladesh. 

Scott, D.A.: 1991, Asia and the Middle East Wetlands. In: M. Finlayson and M. Moser (eds.). 
Wetlands, Oxford, UK. 

Seidensticker J. andM. A. Hai: 1983, The Sundarbans Wildlife Management Plan: Conservation in 
the Bangladesh Coastal Zone, International Union for the Conservation of Nature and Natural 
Resources (lUCN), Gland, Switzerland. 

Surface Water Modeling Center (SWMC): 2000, Options for the Ganges Dependent Area, SWMC, 
Dhaka (www. iwmbd.org/html/proj -5269 .htm) . 

Thom, B.G.: 1982, Mangrove ecology: A geomorphological perspective. In: B.F. Clough (Ed.), 
Mangrove Ecosystems in Australia, Australian National University Press, Canberra, 3-17. 




8 



WATERING THE BANGLADESHI SUNDARBANS 

Alan Potkin 

Digital Conservation Facility 
910 Fairmont St. 

De Kalb, Illinois 60115 
USA 



8.1 Introduction 

The ''SundarbansF is the great aquatic forest still covering much of the Southwestern 
Ganges Delta, now evidently in a state of ecological degradation caused or worsened by 
freshwater diversions throughout the Ganges catchments. This water goes to irrigation 
systems essential to the expansion of agriculture in India and Bangladesh, and to projects 
that work to reverse the siltation and decline of the Kolkata Port and the salinization of its 
freshwater supply. 

The collapse of the Sundarbans would entail the loss both of a major natural treasure 
and a sustainable stream of forest and fishery products now vital to regional and local 
economies. 

Delivery of sufficient freshwater to restore and preserve the Sundarbans could 
probably be accomplished as a secondary benefit of large engineering works - inter-basin 
transfer from the Brahmaputra system or upbasin storage in Nepal proposed to augment 
the dry season discharge of the Ganges River. Formidable technical and social problems 
will arise in the design and implementation of any such schemes. 



8.2 The Forested Mouths of the Ganges 

The Sundarbans is the world’s largest estuarine swamp, occupying an area of about 600,000 
hectares (ha) in the Southwestern Ganges Delta. The less degraded major portion lies in 
Bangladesh, the remainder in India. The Bangladeshi Sundarbans - a “Reserve Forest” as 
well as a “World Heritage Site”* of the United Nations Educational, Scientific and Cultural 
Organization (UNESCO). About one-fourth of the area of the Bangladeshi Sundarbans is 



’ The Bangladeshi Sundarbans was declared as a “World Heritage Site” in the 2P‘ Meeting of the 
World Heritage Committee of the UNESCO, held during December 1997 at Naples, Italy. The 

Committee inscribed the site under criteria (ii) and (iv), as one of the world’s largest remaining areas 
of mangroves, which supports an exceptional biodiversity with a wide range of flora and fauna, 
including the Bengal Tiger, and provides a significant example of ongoing ecological processes 
(monsoon rains, flooding, delta formation, tidal influence and plant colonization). 
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occupied by rivers, canals, and creeks ranging in width from several meters to several 
kilometers. This vast network of waterways enables almost every comer of the forest to be 
accessible by boat (Rahman, 2000). 

The Sundarbans contribute significantly to the economy of Southwestern Bangladesh 
and to the national economy (Table 8.1). It provides half of the country’s forest products, 
plus some of its most lucrative inshore fisheries, while still serving as a critical wildlife 
sanctuary (Blower, 1985) comprising of one-sixth of Asia’s remaining wild tigers. Managing 
and harvesting the Bangladeshi Sundarbans employs over 300,000 workers during at least 
part of each year. Royalties from Sundarbans timber, pulp, and fuel wood provide 80% of 
Bangladesh Forestry Department’s revenues. 

Table 8. 1. Production/Financial Value of Sundarbans 



Product or Ecological 
Value 


Annual 

Production 

(units) 


Financial Value 
(direct/indirect) 
Million taka/year 


Sawlogs 


20,000 


m^ 


300 


Fuel Wood 


50,000 


m^ 


44 


Pulp/Hardboard 


130,000 


m^ 


70 


Transmission Poles 


21,000 


nos 


27 


Nypa Fronds 


80,000 


tons 


78 


Phoenix Fronds 


6,573 


tons 


2 


Honey 


208 


tons 


8 


Wax 


52 


tons 


2 


Fish 


6,000 


tons 


195 


Fish Breeding Protection 






3553 


Coastal Protection 






320 


Wildlife Reserves 






40 



Source: Sir William Halcrow and Partners Ltd., 1993. Values in column 3 are of 1993. Exchange of 
1 US$ - Taka 32.00. 



8.2.1 FLORA 

While a fringe of tme Rhizophora mangrove extends along its seaward most reaches, to 
describe the Sundarbans as a “mangrove” may not be quite correct: the terms “brackish 
riparian” or “brackish littoral forest” have been proposed as preferable. “Mangrove” 
usually implies a more marine hydrological regime, less dependent upon freshwater influx, 
hence an inopportune term possibly, in a fractious international context. 

The flora of the Sundarbans is dominated by Heritiera fames, Excoecaria agallocha, 
Ceriops decandra and Sonneratia apetala. Prain (1903) identified a total of 245 genera and 
334 plant species. Since then, there have been considerable changes in the status of 
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various mangrove species and taxonomic revision of the mangrove flora that have 
occurred (Khatun and Alam, 1 987). A definitive inventory (Chaffey et al, 1 985) conducted 
jointly by the Bangladesh Forest Department and the U.K.’s Overseas Development 
Administration (OD A) determined that: 1 . standing volume of timber is marked lower than 
previously estimated; 2. compared to surveys from the 1950’s, the canopy is much less 
contiguous; 3. increasingly, on sites where it was formerly dominant, Heritiera fames 
“Sundari,” the most desirable lumber and fuel wood species, is being replaced by Excoercaria 
agallocha ‘Gewa,” a newsprint tree much more tolerant of higher soil and water salinities. 
Whilst most of the mangroves in other parts of the world are characterized by members of 
the Rhizophoraceae, Avicenneaceae, or Laganculariaceae, the mangroves of Bangladesh 
are dominated by the Sterculiaceae and Euphobiaceae (Hussain and Acharya, 1994). 

In the Eastern part of the Sundarbans where freshwater is relatively plentiful, Sundari 
{Heritiera fames) dominates; interspersed with Gewa {Excoercaria agallocha) and Passur 
{Xylocarpus mekongensis) while Kankra {Bruguiera gymnorrhiza) occurs in areas subject 
to more frequent flooding. Gewa is the dominant woody species in the Southern part of the 
Sundarbans. In this part of the forest, seasonal variation in salinity levels is greatest and is 
characterized by longer duration of moderate salinity (Rahman, 2000). The Western part 
supports sparse Gewa and dense stands of Goran and discontinuous patches of Hantal 
palm {Phoenix paludosa) on drier ground and along riverbanks and levees. 

8.2.2 FAUNA 

The Sundarbans provide a unique ecosystem and extensive habitats for wildlife. A human 
interface in the Sundarbans in terms of resource extraction and forest management has 
important effects on wildlife habitats and populations (Rahman, 2000). The river terrapin 
{Betagur baska), Indian flap-shelled t[irt\Q_{Eissemys punctata), peacock soft-shelled turtle 
{Trionyx hurum), yellow monitor {Varanus flavescens), water monitox {Var anus salvator), 
Indian python {Python molurus) and the Bengal Tiger {Pathera tigris) are some of the 
resident species. A number of these are protected by legislation; e.g., the Bangladesh 
Wildlife (Preservation) Order, 1973 (P.0. 23 of 1973). Other species, however, e.g., hog deer 
{Axis procinus), wild water buffalo {Bubabis bubalis), swamp deer {Cervus duvauceli), 
Javan rhinoceros {Rhiniceros sondaicus), single homed rhinoceros {Rhinoceros unicornis) 
and the mugger crocodile {Crocodylus palustris) appear to have become extinct in the 
Sundarbans around the beginning of the last century (Sarker, 1993). 

Recent studies have shown that the Bangladesh Sundarbans support diverse 
biological resources including at least 120 species of commercially important fishes, 
270 species of birds, 42 species of mammals, 35 reptiles, and 8 amphibian species. This 
represents a significant proportion of the species still extinct in Bangladesh (i.e. about 
30% of the reptiles, 37% of the birds, and 34% of the mammals) and it includes a 
considerable number of others that are extinct elsewhere in the country (Scott, 1991). 
Estimated populations of exemplary wildlife species in the Sundarbans are shown in 
Table 8.2. 
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Table 8.2. Estimated populations of some wildlife of Sundarbans 



Animals 


Number 


Tiger 


450 


Spotted Deer 


80,000 


Wild Boar 


20,000 


Rhesus Macaque 


68,000 


Otter 


20,000 


Crocodile 


100 


White Bellied-Sea Eagle 


130 breeding pairs 


Water Monitor 


40, 000 



Source: Hussain and Acharya, 1994. 

8.2.3 RECENT HYDROLOGICAL CHANGES AND SUNDARBANS 

The Sundarbans is complexly dissected and watered by the older distributaries of the 
Ganges, interconnected through a great web of meandering tidal rivers and creeks 
(Figure 8.1). The stage and salinity throughout that river net is critical to the physiological 
ecology of the brackish riparian components of the Sundarbans community. 

The ODA (1985) study of floristic changes in the Sundarbans with regard to saline 
stress and cited the phenomenon of “top dying” in Sundari {H. fames). The study noted 
that notwithstanding the lack of long-term and baseline data, the observed floristic change 
suggests a recent alteration of the regional hydrological regime. 

Given the dynamic processes of river deltas everywhere, major changes in distributary 
hydrology are commonplace and inevitable: channels are ordinarily abandoned as their 
beds rise up with silt and their supply of freshwater is throttled by sandbars splaying into 
off-takes. Conversely, they could be revigorated if their inflows were augmented by upbasin 
events. These might be natural fluvial processes like course realignments and stream 
piracies, or controlled releases from artificial impoundments and inter-basin transfers. 

The classical, arcuate Ganges Delta was laid down from West to East as the river broke 
into new distributaries, abandoning them sequentially as their off-takes clogged and their 
beds aggraded above the back swamps (Bagchi, 1944). The Westernmost former mainstem 
is the channel of the Bhagirathi-Hooghly, reaching past Kolkata, the shortest route to the 
sea. 



To orthodox Hindus, the Bhagirathi-Hooghly is the “true mouth” of the sacred Ganges, 
diverted from heaven by the sweat and sacrifice of its namesake, the mythical King Bhagirat, 
for the benefit and sanctification of mankind. Married finally to the sea and made pregnant 
by it, Mata Ganga, “Mother Ganges” birthed holy Sagar Island, where now every January, 
a Puja festival commemorates those wondrous events. A million pilgrims come then to 
wade and bathe at Ganga Sagar. 
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Figure 8.1. The Sundarbans and the Southwest Region of Bangladesh. 

To hydrologists, there is no “true mouth” but certainly since the Sixteenth Century 
A.D. (Coleman, 1968), the largest part of the Ganges’ flow - having mostly abandoned the 
old Hooghly outlet - has been delivered to the Bay of Bengal below confluences with the 
great Brahmaputra/Jamuna, from Assam and Tibet, and finally through the estuaries of the 
Meghna, also a major river, draining the monsoon drenched Meghalaya Hills. 
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8.3 The Ganges-Brahmaputra Link Canal 

The first Farakka allocation treaty implemented in 1977 (Chapter 1 and Annex I) allowed 
India to divert the Ganges waters to the full capacity of the canal to the Hooghly, but only 
from June through to December. During these months, the discharge of the Ganges at 
Farakka ranges between 5,700 mVsec (200,000 ftVsec) and 7 1 ,600 mVsec (2,500,000 ftVsec). 
However, during the dry season (January-May) a more complicated allocation formula 
came into effect, guaranteeing Bangladesh no less than two-thirds of the available flow, 
and in any case, assured the release through the Farakka Barrage of at least 1,000 mVsec 
(35,000 ftVsec) downriver to Bangladesh during the leanest ten days of late April, when the 
ordinary low flow is as little as 1 ,600 mVsec (55,000 ftVsec) (based on 75% availability). In 
consequence, India might then get only 567 mVsec (20,000 ftVsec), far below the flow 
augmentation required to scour the channel at the very time when the effects of salinization 
of the lower Hooghly are worst felt and in the accretion of marine sediments borne upriver 
where the tides are the greatest. 

In December 1996, Bangladesh and India signed a 30-year Treaty to share the Ganges 
water at Farakka. The sharing formula agreed in the Treaty is significantly different from 
that of the 1977. The ‘guarantee clause’ of the 1977 Agreement was dropped (see Article II 
of the 1977 Agreement in Annex I). Instead of 75% availability of flow, the sharing formula 
was designed on the basis of 50% availability. In the critical months of March, April and 
May, with a flow between 1 ,984 mVsec and 2, 126 mVsec (70,000 ftVsec and 75,000 ftVsec), 
Bangladesh receives 992 mVsec (35,000 ftVsec) and India receives the remaining amount 
subject to the condition that India and Bangladesh each receive their guaranteed 
992 mVsec of water in alternative three 10-day periods. 

It must be understood that long before the Ganges reaches Farakka, an appreciable 
part of its waters have already been diverted for consumptive use inside India by the 
irrigation commands of the Upper and Lower Ganga canals, and of the pumped canals at 
Dalman, Bhapali, and Zamania, as well as by countless smaller-scale local extractions 
(Also discussed in Chapter 1). 

Both India and Bangladesh agree that in the lean season, the Ganges is already 
over-allocated and that major augmentation schemes must now be seriously considered. In 
March 1978, two documents setting out each governments’ intentions with regard to 
augmentation of the Ganges flow were exchanged by India and Bangladesh. The two 
proposals presented the cases for and against the two governments’ schemes largely in 
terms of technical rationality (Crow et al, 1 995). The Indian scheme for augmenting the dry 
season flow of the Ganges consisted of a barrage across the river Brahmaputra and a canal 
(Table 8.3) to take water from that river to the Ganges at Farakka (Figure 8.2). 

At a later stage, the Indian government intended to construct three storage reservoirs 
in the Eastern foothills of the Himalayas to supplement the dry season flow of the 
Brahmaputra. Each of these five structures - the barrage, the canal and the three dams - 
would be large, and would cost altogether more than US$ 1 6 billion (Crow et al., 1 995). 
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Table 8.3. Salient features of the Ganges-Brahmaputra link canal 



Parameters 


Unit 


Dimension 


334 kmx 0.8 kmx 9 m 


Volume 


2,47,72,890 


Total Area Lost 


3,010 ha 


Lost Area in Bangladesh 


1,003 ha 


Discharge 


2,835 m^/sec 


Velocity 


0.85 m/sec 


Distance Travels 


480 kms 


Earth Work (volume equivalent) 


7 Suez Canals 


Rivers Intercepted 


14 



In addition to its huge financial cost, the political, social and environmental costs of 
the project would be formidable as well. The Indian proposal will bifurcate Northern 
Bangladesh into hydrologically distinct halves. The project, if implemented, will provide 
India with the considerable control over the Brahmaputra water. Some 90,000 people might 
be involuntarily dislocated in Bangladesh (based on the 2001 population) with a further 
100,000 oustees inside India. The resettlement cost for Bangladesh could be as high as 
US$ 40 million^ Resettlement on such a large scale would be problematic in an already 
densely populated country like Bangladesh. 



8.4 Water Development in Nepal 

Nepal’s world renowned mountain landscape and booming tourist industry contrasts to 
Bangladesh, where the landscapes are only locally celebrated and ordinary tourists are 
kept away by inaccurate but well entrenched reputation for catastrophe and despair. 
Nonetheless, the two countries aggregate indices of basic well-being, i.e., mean life 
expectancy, literacy, income, etc., would probably be very nearly equal (World Bank, 1 982). 
Population of Nepal and Bangladesh and Nepal are rising at 2.55% and 1 .80%, respectively 
(doubling between 28 years-40 years (estimated 2001 populations: 130 million Bangladeshis 
and 24 million Nepalese)). 

With Nepal’s high quality farmland scarce, most of her forests already cut, and the 
surviving tracts likely soon to follow, the dominant view among planners there is that 
“water remains the only natural resource of major consequence in the Kingdom.” 

Indeed, Nepal holds some 83,000 MW or 15% of the world’s underdeveloped 
hydroelectric potential (Cruz et al., 1984). However, of this potential, 44,000 MW have been 
deemed “presently” feasible for exploitation, a figure which can only rise as fossil reserves 



^ Estimates based on the resettlement costs of the Jamuna Multi-purpose Bridge 
(www.citechco.net/jmba) . 
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elsewhere decline. Nepal’s installed electric generating capacity in 1999 was 316 MW, of 
which about 83% is hydroelectric and the remainder thermal. Only a small share (around 
1%) of Nepal’s potential hydroelectric power capacity currently is being exploited 
(EIA,2002). 
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Figure 8.2. The augmentation proposals of Bangladesh and India. Source: Crow et al., 1995. 



The rosy hydel potential may be illusory, given the great difference between the 
monsoon and lean season discharges of the Himalayan Rivers (two or more orders of 
magnitude, in catchments with significant snowmelt). Thus, hydropower yield may be 
extremely limited during the four lowest flow months, unless large-scale storage is 
deployed behind high dams. 

The virtue of “run-of-the-river” hydel projects - which do not involve appreciable 
storage - is that the suspended and bed loads home from upbasin usually pass through the 
system unimpeded. Their disadvantage is that they can become almost useless during the 
leanest season - there’s nothing to run through the penstocks - and their low level weirs 
provide no downstream flow augmentation. 

One large problem with such projects is that sediment burdens of the Himalayan 
Rivers are extraordinarily high; while major mountain reservoirs in Europe and North America 
typically have projected life spans of several hundred years at the least, similarly designed 
facilities in Himalayan catchments might silt up in a matter of decades. Reservoirs are 
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ordinarily deemed “dead” when the original impoundment becomes three-fourths filled 
with sediment and debris. 

Experience has shown that Indian and Chinese reservoirs are typically filling in with 
solids at two to five times the originally projected rates of sediment delivery (DOE, 1985). 
Their usability can be extended only if river through flows are much increased by 
perforating the dams, with effective storage commensurately much reduced, with ensuring 
large reductions in the yield of irrigation and hydroelectric outputs. The alternative is to 
operate the dams at full design capacity for a relatively short time, after which they devolve 
into expensive artificial waterfalls, possibly still generating some modest quantity of 
run-of-river hydropower. 

Also very worrisome is the extreme seismicity of the entire Southern Himalayas: an 
earthquake of at least Richter 5.0 can be expected to strike the region approximately every 
two years (Sharma, 1977). The orogeny of the Himalayas is still underway, the local 
stratigraphy is much shattered, very complexly folded and traversed by numerous active 
faults capable of producing extremely high-energy seismic events (Matsura, 1 983): the last 
very large shock - which left almost 4,000 dead throughout the Himalayan piedmont - was 
in 1934, measuring 8.2 on the Richter scale. 

The great 1897 ‘quake was estimated to have been Richter 8.6 and agriculture was at 
least temporarily “devastated” over some 200,000 sq. km, from Bihar to Shillong. The 1787 
quake, also a monster, in one stroke completely re-routed the river Tista, draining a major 
sub-basin of the Brahmaputra. The addition of the Tista’s discharge and sediment burden 
altered the course and morphology of the Brahmaputra and was probably instrumental to 
its abandonment of the “Old Brahmaputra” channel past Mymensingh town. 

With the mainstem Brahmaputra flowing thereafter through the Jamuna, a confluence 
with the Ganges itself thus first became established: subsequent backwater effects 
possibly revigorated certain Ganges distributaries then already quite moribund but later 
to become highly important. E.g., the Rennell surveys of 1765-1774 described the 
Gorai/Madhumati as “a mere creek, unable to float a vessel drawing even a foot or two”. 

Furthermore, it has also become understood how the hydrostatic pressure of a major 
new reservoir may itself induce or precipitate a seismic event in areas theretofore showing 
no recent seismicity: in 1967, the Koynagar earthquake - the first ever recorded for that 
locale - destroyed 80% of the houses in Koynagar, India, leaving 200 dead. Its epicenter 
was found to be exactly the site of 1962 Koyna Dam, which fortunately, did not collapse 
(CSE, 1982). 

Another geological hazard characterizing Nepal is a Glacial Lake Outburst Flood 
(pronounced ‘glof\ (Galay, 1 985). A GLOF occurs when a natural moraine or ice dam fails 
partially or catastrophically, thereby releasing the lake formed by the blocked drainage of 
retreating high-altitude glacier. Most Himalayan glaciers have been in retreat at least since 
1 840 ’s; some researchers think that microclimatic effects of widespread deforestation in the 
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Himalayan piedmont accelerated glacial melting - already well underway from the global 
warming trend of recent centuries. 

In 1985, a GLOF originating above the Dudh Kosi carried away completely the new 
200 KW small hydro project near Namche Bazaar, leaving not a trace of the powerhouse and 
weir. The enormous, though very short lived, increase in the Dudh Kosi’s discharge 
resulted in extensive undercutting of its banks for many kilometers downstream, which in 
turn induced sufficient mass wasting to change the entire character of the middle Dudh 
Kosi from a meandering stream with vegetated shores to a braided channel fronted by 
almost continuous slumps and rockslides. 

Thus, even where a GLOF spared the dam, it could so increase the rate of sediment 
delivery to a large impoundment as to render the project uneconomic, ex post facto. The 
prediction or prevention of GLOFs remains at a very rudimentary state. 



8.5 Social Impacts of Reservoirs 

Big new reservoirs in South Asia would almost inevitably inundate well populated valleys. 
The more remote the project site, the more likely it is that the inhabitants will be marginalized 
minorities under-represented in the planning process and wielding little clout with the 
center. 

Bangladesh’s one very large hydroelectric project has proven terribly disruptive; in 
1 964, over 80,000 “tribals”, mostly Chakma Buddhist plow farmers, were evicted from the 
Kaptai impoundment site, in then East Pakistan. Kaptai Lake - in surface area, still the 
subcontinent’s largest reservoir - inundated virtually all the prime agricultural lowlands of 
the Kamafuli Valley with the Chittagong Hilltracts, while yielding only 120 MW of 
hydropower (subsequently expanded to 230 MW - comprising of 2 x 40 MW units and 
3 X 50 MW units; with the Bangladesh Power Development Board (BPDB) now considering 
adding another 1 00 MW of installed capacity to the Kamafuli facility (Shakti, 2002). 

Rehabilitation efforts were considered inequitable and generally unsuccessful, with 
many oustees resorting to nominally illegal slash-and-bum jhum agriculture on impossibly 
steep slopes inside gazetted reserve forests. In consequence, the Hilltract region was beset 
by seemingly intractable problems ranging from premature siltation of the Kaptai 
impoundment - the likely result of jhum deforestation - to a continuing armed resistance by 
the Shanti Bahini, the tribal “peace army.” Massacres by “Chakma miscreants” of hapless 
Bengalis, followed by bloody reprisals against the aborigines, occurred repeatedly in the 
decades following the taking up of the Kaptai Project. But on December 2, 1997 the 
insurgent Parbattaya Chattagram Jana Samhati Samiti (JSS) and the Government of 
Bangladesh signed the CHTs Peace Accord and the armed insurgency that continued for 
21 years was apparently resolved. Six years later, however, certain key elements of the 
treaty have not been implemented, threatening a resumption of the violence. 



In India, more recent evacuation and recompense programs have also turned out 
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unsuccessful: e.g., in Himachal Pradesh, the 13 1 m high Pong Dam across the River Beas 
(a tributary of the Sutlej and thence the Indus) inundated the homeland of about 30,000 
families - again, mostly tribals who were supposed to be relocated into the project’s 
command area, 700 km to the Southwest in Rajasthan, a desert state radically different in 
customs, language, and environment. In theory, the oustees were to be compensated rather 
liberally, with an allotment of 6.3 ha per family of newly irrigated flatlands, about six times 
the average previous holding. In fact, only 6,800 families actually elected to emigrate to that 
strange and distant landscape, of which fully 4,300 were subsequently re-evicted from their 
new Rajastan farmsteads for “infringements of the allotment rules.” 

Were it feasible to put the Kosi under human management, the hydropower yield 
would be enormous - as much as 4,000 MW from a single high dam proposed at Barakchetra, 
Nepal. The reclamation of agricultural lands could also be extensive. Annual flooding 
would be greatly reduced, the “wasted” peak monsoon flows conserved and thus, made 
available for irrigation and other uses. 

The Kosi is the major Nepali River closest to Bangladesh and Kosi releases 
allocated to Bangladesh would run the shortest gauntlet across parched North Indian 
States where the pressures to hijack the water for local use might prove irresistible. 

The 1981 Kosi High Dam Feasibility Report (CWC, 1981) prepared by the Government 
of India’s Central Water Commission - and not widely distributed outside that agency - 
examined a conceptive concrete gravity dam, 286 m in height, to be erected across the Sapta 
Kosi just above its debouchment into the Terai. The proposed Kosi High Dam was sited 
and designed by Indian engineers without the active cooperation of Nepal, even though 
the dam and reservoir would both be situated entirely inside Nepalese Territory. (A 1946 
Indo-Nepali memorandum of agreement, did however, authorize “joint future 
investigations” of projects in that vicinity). 

The report concluded that the structure was buildable and that the benefits would 
outweigh the costs, but the issue of ensuring water deliveries to Bangladesh was not 
addressed. Neither was the arcane possibility of using the augmented flows to protect the 
Sundarbans ecosystems. The probable upstream social and environmental impacts were 
similarly ignored. 

The ethnic group bearing the brunt of the Kosi High Dam’s social costs would be to 
the Rai people, who number about a third of a million; the finest of their traditional lands - 
and amongst the most fertile fields in Nepal - are the former terraces and valley bottoms of 
the Sun Kosi and the Arun Rivers, the Sapta Kosi’s two Western branches. The 
Tibeto-Burman Rais embraced the eclectic Nepali mode of Hinduism, which in turn, had 
integrated them into Hindu society as a formal caste. Rai culture is distinct and well 
preserved by deep canyon topography barely penetrated by roads and vehicles, and 
where most commerce is still today borne on the backs of porters. 

Nineteenth-century English ethnographers identified the Rais as a “suitably-martial 
race” for recruitment as Gurkha mercenaries; Rais still enlist in considerable numbers into 
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Gurkha regiments of the British and Indian armies, and their veterans pensions actually 
comprise the largest part of the local cash economy. On the trail, male Rais over the age of 
nine are certain to be carrying a kit of wicked-looking khukri knives, stuffed into a 
waistband or quickly accessible at the top of the pack load, and handy for cutting firewood, 
if not much used now for disemboweling enemies. 

Rai agriculture is distinctive in that landless laborers are atypical: Rai farmers almost 
always own plots they work, small as these might be. It shows in the landscape: Rai 
farmsteads are not haphazardly managed for the short-term; excavated terraces are 
fastidiously well stabilized against erosion with an intricate system of rock-armored 
drainage channels and dike walls. 

Given the regions marked seasonal aridity and the unavailability of irrigation water to 
the mid-slope fields, the Rai staple cereal is not rice but maize; and a kind of commeal mush 
is the mainstay Rai food. Only a portion of the best and moistest Rai lands are suitable for 
riziculture - especially the old river terraces and the newer deltaic fans at the mouths of the 
larger secondary streams (called “kholas”). The small amount of rice, which is grown by 
upcountry Rais is reserved for guests and celebrations, and for making rokshi, a powerful 
country-liquor vended by the glassful along trailsides by local children. 

There has not yet been prepared a detailed inundation map showing Rai farmsteads 
and families to be inundated by such a proposed Kosi project. The absolute number is 
probably not great: the valleys here are narrow, the alluvial flats are not extensive, and for 
many kilometers along the main river canyons, precious bottomlands are either absent or 
too coarse, gravelly, and transient to be much good for agriculture. Thus, the majority - if 
not the most bountiful - of Rai settlements are likely to be situated considerably upslope of 
the “maximum pool elevation” of the 200 sq. km reservoir that would form behind the Kosi 
high dam. 

In the traditional Rai cosmology (Busta, 1980), the Milky Way is considered the 
reflection in clear night skies of the white, rapids-studded Sapta Kosi, and worthy 
therefore, of worship. Whether the Rais would be so worshipping of a deep, still, artificial 
lake behind the Kosi Dam that buried their richest land beneath 200 m of debris, silt, and 
cold green water remains yet to be seen. 



8.6 Towards Watering the Sundarbans 

Can there be an environmental and social calculus that excludes and weighs saving the 
Sundarbans against inundating fertile and exquisite Kosi headwater canyons plus 
submerging the culture of the inhabitants - in some effort to define optimum benefits from 
the entire watershed? 

The estimated cost (1981) of constructing the Kosi High Dam is US$ 3.4 billion. If the 
Kosi project’s prime beneficiary were to be the Bangladesh Forest Department, it would 
take 680 years to pay for itself 
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Obviously, extraordinary projects like these are undertaken not to maintain the quality 
of estuarine ecosystems far downbasin but to largely improve agriculture and flood 
control, to benefit river training and reclamation, and to yield a massive portion of 
hydroelectric energy. 

What does all this have to do with the future of the Sundarbansl Geological 
phenomena not much subject to human cure may be one of the dominant factors in the 
devolution of the Sundarbans system. If the dewatering and moribundity of the Southwest 
Ganges Delta is a function primarily of tectonics and subsidence, not of artificial alteration 
of the hydrological regime, efforts to manipulate that regime more favorable to the ecology 
of the estuary through auxiliary engineering works may be futile and misdirected. 

If on the other hand, deterioration of the Sundarbans is indeed the result of 
anthropogenic hydrological changes, slowing or reversing that process becomes a 
problem in planning and design. These two questions issues have been answered in the 
relevant chapters of this book. 

Our understanding of Sundarbans ecology is now severely limited. If motivated even 
one-dimensionally by the market value of the timber, we try to restore the freshest sites 
dominated previously by Sundari, weTl first have to determine that species’ moisture 
requirements and its tolerance of stream and soil salinities. Other questions lead from there: 
what percentage of inundation is necessary and how does that relate to river stage? Is the 
addition of nutrients bound to sediments formerly deposited by monsoon flooding 
essential or could the littoral forest be maintained by clear Himalayan waters arriving via 
excavated canals? 

Then we’ll have to model a very complex estuary subject to enormous variation in 
marine and terrestrial in effort to determine the volume, timing and sitting of requisite 
freshwater deliveries. The necessary research encompasses tidal hydrodynamics to 
physiological botany to cultural anthropology. 

Bangladesh does not expect high dams in Nepal to be built at their behest and primarily 
toward their benefit. But their demand is completely reasonable that should great 
Himalayan water projects ever be implemented, from the moment of their conception, the 
vital interests of the lower riparians must be fully considered. For Bangladesh, those 
interests include bounteous yield of renewable estuarine resources and the proper 
preservation of Sundarbans nature as a valued part of her peoples’ culture and birthright. 
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9.1 Introduction 

The Ganges basin in Bangladesh has a humid climate, but it is vulnerable to drought in the 
summer as well as during the monsoon months. Mean annual rainfall ranges from 1 ,270 mm 
in the Western part of Rajshahi to about 3,000 mm in the coastal region in the South, 
meaning that the climate of the Western Ganges basin is naturally unfavorable for 
agriculture. Agricultural activities are largely dependent on the water supply from the 
Ganges River and its distributaries. The Ganges-Kobadak (G-K) project (Figure 9.1 and 
Box 9. 1), one of the country’s largest surface water irrigation projects based on the water 
supply from the Ganges River was planned in the 1950s. 

About one-fourth of Bangladesh’s gross domestic product (GDP) contribution comes 
from the Ganges basin area, and agriculture contributes about one-third to the GDP of 
Bangladesh. Over the years, the dominance of the agriculture has declined; in 1972-1973, 
this sector contributed about one-half of the country’s GDP. Nevertheless, agriculture 
remains very important to the economy. A one-third share is significantly higher than 
agriculture’s share to overall GDP in many other Asian countries (Faruquee, 2001). 

The role of agriculture in the national economy remains crucial not only as the supplier 
of food and raw materials but also in the most important source of employment (69% of the 
labor force). However, the commissioning of the Farakka Barrage in 1975 to divert a 
significant part of the dry season flow of the Ganges has put the agriculture sector in 
Bangladesh under a severe strain, and has an adverse chain effect on the macro-economy 
and sustainable development of the country. 
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Figure 9. 1. The Ganges-Kobadak Irrigation Project. 
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Box 9. 1 The Ganges-Kobadak Project 

The first plan, the Ganges-Kobadak Irrigation Project was to conprise an area 
of 700,000 (hectares) ha irrigated from the Ganges River. One of the main canals in 
the Jessore Unit would follow the Kobadak River, which contributed to the name 
of the project. 

Situated on the right bank of the Ganges and Gorai Rivers (Figure 9.1), the 
G-K Project conprises of 197,500 ha of cultivable land in the Southwest region 
of Bangladesh. Irrigable land in the project occupies 142,000 ha. The scheme 
includes 1 3 upzillas (sub-districts) in the districts of Khustia, Chaudanga, Jhenaidah 
and Magura with a total population of approximately 2 million. Phase I (45, 000 ha) 
of the project, the Khustia unit began in 1954 and was conpleted in 1970. Phase II 
conprising of an area of 97, 000 ha in Chuadanga, Jhenaidah and Magura Districts 
commenced in 1960 and was conpleted in 1983. It includes an area of 22,885 ha 
designated as lift irrigation, where water supplied by gravity would not be assured. 

The G-K Project in its first stage was intended to be supplementary irrigation 
only, to supplement the rainfall during the monsoon and pre-monsoon season 
(April-May). A part of the area is irrigated during the dry season during which 
water supply from the Ganges is crucial. For exanple, the project provided water 
to 50,500 ha during the dry season of 2001 in Kushtia, Chuadanga, Magura and 
Jhenaidah Districts. The project has two punp houses with 153 m^/sec punping 
capacity and water is supplied through 1,655 km of irrigation canals. The pumps 
cannot operate if the water level in the intake channel goes below 4.50 m 



In the Ganges basin the sowing/planting and harvesting times of different crops vary 
from area to area depending on the agro-climatic condition. A general cropping pattern in 
terms of agro-climatic condition is shown in Figure 9.2. The traditional practice of 
Broadcast aus (E.aus) followed by Transplanted aman (T.aman) is the main cropping 
pattern in the Ganges basin. After construction of the coastal embankment project in the 
1960s, the expectation was a gradual increase of the double cropping system. But the 
reduced flow of the Ganges in Bangladesh has practically put an end to this expectation. 
Cultivation of B.aus is gradually decreasing because large areas are being affected by 
salinity. The sharply reduced flow below Farakka during the dry season creates a serious 
water crisis and aggravates salinity in the Southwest region of Bangladesh. Saline 
intrusion has degraded soils and the ecosystem leading to decreased agricultural 
production and increased poverty (Ahmad and Zaman, 200 1 ). The Sundarbans, the largest 
mangrove forest in the world is also severely threatened (see Chapter 7 on ecosystem). 

The adverse effects similar to those on the ecosystem and agriculture in downstream 
Bangladesh caused by diversion of water from the Ganges River have been reported from 
other parts of the world due to water diversions. Simon (1998) reported an economic loss of 
tens of millions of dollars due to low stream flow in the Columbia River in the USA. Water 
diversions in the Columbia basin have forced the U.S. Fish and Wildlife Service to purchase 
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nearly $10 million dollars worth of water rights over five years for downstream flow 
augmentation (USFWS, 2001). Central Asia’s Aral Sea is one of the most graphic examples 
of excess diversion of inland waters. Since 1 960, this massive lake (once the world’s fourth 
largest) has lost three-fourths of its volume. In 1998, about 94% of the river flow that once 
fed the Aral Sea is diverted to irrigate thirsty crops such as cotton. The seas’s salinity 
levels have tripled and 20 of its 24 fish species have disappeared (Revenga et al, 1998). 




Soro 

Wheat 



Boro 

Wheat 



Boro 

Wheat 



Boro 



L. boro 



Figure 9.2. Climate and the general eropping pattern in Bangladesh. 



9.2 Agro-Climate of the Ganges Basin in Bangladesh 

9.2.1 RAINFALL 

The distribution of average annual rainfall in Bangladesh is shown in Figure 9.3, ranging 
from about 1 ,270 mm in the North Western border to 5,000 mm in the North Eastern part of 
the country, that experiences more than the periodical variation of normal rainfall in the 
Ganges basin which is very high. About 85% of total annual rainfall occurs during the 
monsoon months of June- September with only 1 5% occurring during March-May. Rainfall 
is rare from October-February. 
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Figure 9.3. Rainfall isohyets (mm) in Bangladesh. 
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The Ganges basin area of Bangladesh has the lowest mean annual rainfall in the 
country, varying from about 1,270 mm in the Western portion of the Rajshahi District to 
about 3,000 mm along the coastal belt in the South (Figure 9.3). There are also records of no 
rainfall for several months together in some areas. The country also faces floods in almost 
every monsoon due to heavy rainfall within the country and floodwater from outside the 
country. But in every dry season, the situation becomes reverse and the country suffers 
much from shortage of freshwater due to the reduced flow in the Ganges River and its 
distributaries caused by the upstream diversion of the Ganges waters at Farakka and its 
further upstream. 

The rainfall characteristics of the Ganges basin in Bangladesh are presented in 
Table 9.1. Since 1 976, the annual rainfall in the basin was found to be variable, from 28% to 
48% of the average rainfall of 1 ,549 mm for the period 1961-1976. During the dry season from 
November- April, rainfall was 177% higher or 49% lower than the 15 years average of 
15 1 .5 mm. In 1992-1993, the annual rainfall was 6% lower than the pre-diversion annual 
rainfall. Total rainfall was about 40%- higher in the dry season (November- April) and 79% 
higher in March- April compared with the 15 -year mean rainfall in the corresponding 
periods (BWDB, 1993). 

9.2.2 TEMPERATURE 

Adel (2002) compared pre- and post-Farakka annual and summer maximum and minimum 
temperatures in the Musa Khan, as well as, most of the Baral sub-basins in the Ganges 
basin. These two sub-basins included parts of the four districts of Nawabgonj, Naogaon, 
Rajshahi, and Natore. An analysis demonstrates a rise in the annual maximum temperature 
after 1981 and a drop in the annual minimum temperature after 1 982. Adel (2002) concluded 
that the maximum temperature of 37°C increased to 43°C in just 4 years after 1981 during the 
post-diversion period. Minimum temperature of about 8‘"C has dropped to below 5°C in 
some years following 1982. The average temperature of the 10-year period 1971-1980 
remained stable above 8‘"C. On the other hand, the average minimum temperature for the 
period 1981-1 995 did not exceed TC. Fluctuations were more scattered during 1981-1 995 
than 1971-1980. 

Adel (2002) also compared summer temperatures for the two periods. The lightly shaded 
bars represent the pre-baseline and the dark bars represent post-baseline maximum 
temperatures and an increasing trend is prominent. The post-baseline median temperature 
is 28.5°C, and the pre-baseline median is 25.5^'C. The post-baseline temperature is skewed to 
the right. The summertime average temperature for the post-baseline years was 30.8'^C and 
that for the pre-baseline years was 29.8“C. It is also observed that in the post-baseline 
years, warming started at an earlier time in the year and lasted longer than the pre-baseline 
years. 

9.2.3 RELATIVE HUMIDITY 

Relative humidity (RH) in the Ganges basin also varies widely. Mean annual RH was found 
to be the highest 85% at Bhola and the lowest 76% at Jessore (Sir William Halcrow and 
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Table 9.1. Rainfall (in mm) characteristics in the Ganges basin in Bangladesh 



Period 


Jul-Jun 


Nov-Apr 


Jan-Apr 


Mar-Apr 


Pre-Farakka 


1961-1976 


1,549.0 


151.5 


129.3 


105.3 


Post-Farakka 


1976-1977 


1,823.8 


260.7 


251.0 


213.1 


1977-1978 


1,457.4 


212.1 


149.3 


131.2 


1978-1979 


1,302.5 


129.3 


125.4 


77.8 


1979-1980 


1,763.4 


183.0 


125.7 


67.8 


1980-1981 


1,646.0 


419.6 


419.6 


343.8 


1981-1982 


1,364.8 


269.7 


203.5 


192.0 


1982-1983 


1,120.2 


198.5 


152.6 


118.7 


1983-1984 


1,937.0 


84.1 


71.2 


58.3 


1984-1985 


1,534.0 


76.8 


76.1 


70.8 


1985-1986 


1,277.5 


127.2 


125.9 


120.7 


1986-1987 


1,844.2 


223.8 


134.2 


131.6 


1987-1988 


2,296.8 


221.0 


184.5 


146.4 


1988-1989 


1,578.2 


158.2 


46.1 


28.0 


1989-1990 


1,699.8 


306.7 


294.0 


222.5 


1990-1991 


1,748.5 


169.5 


113.2 


73.7 


1991-1992 


1,636.2 


172.8 


77.1 


5.9 


1992-1993 


1,642.3 


212.3 


209.3 


188.5 



Source: Bangladesh Water Development Board (BWDB, 1993). 



Partners, 1993). In terms of the monthly mean, July and August recorded the highest RH 
across the basin. Adel (2002) compared changes in RH during the pre- and post-baseline 
periods in the Baral and Musa Khan sub-basins. He found that the frequency of 
occurrence of the highest RH increased from 1,635 during the pre-baseline to 2,957 during 
the post-baseline period. This is because an increase in temperature increases the 
atmospheric demand for moisture, which is supplied by evapotranspiration, which 
eventually increases the RH. It was also found that during the post-baseline period, the 
humidity values rose in the early months and dropped in the later months. 

Natural and human causes are believed to be responsible for the changed 
agro-climatic parameters. Adel (2002) concluded that with the diversion of water for about 
three decades, land features in the Ganges basin in Bangladesh have changed, and 
consequently, the thermal properties of the surfaces and climates have also changed. 
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9.3 Degraded Agro-Ecological Constraints and Agriculture in the Ganges Basin 



9.3.1 SOIL SALINITY 

Most crops are sensitive to salinity and their productivity changes with levels of salinity. 
Soil texture governs the use of irrigation water of varying degrees of salinity. The lighter the 
texture, the greater the tolerance of saline water. The salinity level of soil rather than the 
salinity of irrigation water directly affects plant growth. 

Soil salinity is generally expressed as Ec in micro-mhos/cm at 25"'C. In Bangladesh soils 
are divided into the following five classes (Table 9.2) depending upon the limits of Ec. The 
salt tolerance of a specific crop varies at different stages depending on the degree of 
salinity. 



Table 9.2. Soil salinity classes in Bangladesh (at 25°C) 



Soil Class 


Salinity Level (m-mhos/cm) 


Non-saline 


0-2,000 


Very slightly saline 


2,000-4,000 


Slightly saline 


4,000-8,000 


Moderately saline 


8,000-15,000 


Highly saline 


>15,000 



Source: BWDB, 1993. 

During the 1970s, soil salinity was mainly confined to the Ganges tidal flood plain of 
the Southwest region. Soil salinity occurred at the South of Khulna and Bagerhat Districts 
with salinity level ranging between 4,000 m-mhos/cm and 8,000 m-mhos/cm. A rise in 
salinity level has been noticed however, since 1 975 . At present, salinity levels at the South 
of Khulna and Bagerhat town range between 8,000 m-mhos/cm to 1 5,000 m-mhos/cm during 
the dry season. Some thanas like Kachua, Mollarhat and Fultala, which were previously 
non-saline, started turning saline during the 1 980s (EGIS, 200 1 a). 

Soil salinity occurs mostly in the greater Khulna and Jessore Districts particularly in 
the dry period due to the penetration of tidal water from the sea and also due to the capillary 
rise of saline water from the underground water table. The use of saline water for irrigation 
makes areas more saline by the accumulation of salts in the soil profiles. BWDB ( 1 993) and 
EGIS (2001a) reported increased soil salinity level in the districts of Khustia, Meherpur, 
Jhenidah, Faridpur, Gopalgonj, Narail, Magura, Satkhira and Bagerhat from the 
pre-diversion period (Table 9.3) (Figure 9.4). 

9.3.2 EXPANDED SALINE AREA 

Soil Research Development Institute (SRDI), Government of Bangladesh carried out 




Adverse Effects on Agriculture 



185 



detailed surveys on soil salinity and prepared maps for 1973 and 1997. They demonstrate 
that over a period of 24 years, there has been an increasing trend of soil salinity under 
different classes. Increase in the percentage is, however, much higher under moderate to 
high saline classes (Table 9.4). River water salinity moves up as far as the Kamarkhali ghat. 
Since there is an extensive withdrawal of ground water for agricultural use, saline ground 
water from the South intrudes into the freshwater aquifer in the North (for details see 
Chapter 5). At present, about half of the Jessore and Magura Districts and all of the Narail 
District have been affected by soil salinity (EGIS, 2001a). In this area, crop growth on the 
high lands is affected by soil salinity. B.aus, B.aman, jute, mustard, lentil and boro crops 
are the main crops affected by salinity. Generally soil salinity affects crops from the first 
week of March and continues up to May. 



Table 9.3. Soil salinity in selected districts at 15 cm depth (m-mhos/cm at 25‘"C) 



District 

Village/Thana 


Year 


January 


February 


March 


April 


May 


MEHERPUR 

Gangni 


1992 


2,000 


2,100 


2,400 


2,600 






1978 


<1,500 


1,800 


2,000 


2,200 


2,300 


Meherpur 


1992 


2,100 


2,200 


2,400 


2,800 


- 




1978 


<1,500 


1,600 


1,700 


1,800 


1,600 


NARAIL 

Laxmipasha 


1993 


2,000 


3,600 




4,100 


4,200 


Lohagara 


1992 


2,000 


3,500 


4,000 


4,500 


- 




1978 


1,500 


1,500 


1,800 


3,000 


3,800 


SATKHIRA 

Mirzapur 


1993 


2,500 


3,500 




5,600 


5,500 


Kalaroa 


1992 


2,800 


4,000 


6,000 


5,500 


- 




1978 


1,500 


2,000 


3,500 


5,000 


5,500 



Source: BWDB, 1993. 

9.3.3 DEPLETED SOIL MOISTURE 

The moisture regimes of soils in various areas are influenced by the depth and duration of 
seasonal flooding. Generally the soils of the higher ridges do not receive floodwater but the 
water table through capillary rise may substantially replenish soil moisture. The soils of the 
middle and lower topographical positions are flooded to varying depths and duration. The 
diversion of water has changed the hydrological system in the basin area (discussed in 
Chapter 2). Because of the low stage of the Ganges and the drying of its distributaries 
during the dry season, large quantities of ground water drains back to the river. This 
eventually affects the moisture regime of the sub-soil and topsoil of the surrounding area 
(Table 9.5). Moisture depletion occurs rapidly, which limits production of the rabi crop and 
delays the seeding of B. aus, B. aman and Jute. The transplantation of the aman paddy is 
also delayed causing a reduction in the yield. 
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Figure 9.4. District map of Bangladesh. 
9.3.4 INCREASEDDROUGHT 



Most of the drought prone areas in Bangladesh are in the Northwest and Southwest 
regions where the Ganges basin is located (Figure 9.5). In the pre-diversion period, 
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meteorological drought was common in the Ganges basin. This kind of drought is referred 
to as a sustained period of time without significant rainfall (Linseley et al., 1975). During the 
pre-diversion period, agricultural drought was minimized by irrigation from the surface 
water sources that include the Ganges and its distributaries, ponds, and other water 
bodies. This type of drought occurs when rainfall and soil moisture are inadequate for 
healthy crop growth during the growing season, leading to extreme crop stress and wilt 
(Venkateswarlu, 1987). 

Table 9.4. Changes in areas (km^) under different soil salinity classes between 1973 and 1997 



Year 


Slightly 

Saline 


Slightly to 

Moderately 

Saline 


Total Area (krn^) 
Moderately 
to Highly 
Saline 


Highly 

Saline 


1973 


2,676 


2,675 


2,596 


2,934 


1997 


3,377 


3,176 


5,105 


4,529 


Change (+/-) 


+701 


+501 


+2,509 


+1,594 


% increase 


26.2 


18.7 


96.6 


54.0 



Source: EGIS, 2001a. 

Table 9.5. Percentage available soil moisture (at 15 cm depth) by month in various districts 



District 

Village/Thana 


Year 


January 


Febmary 


March 


April 


May 


KUSHTIA 


1992 


30 


26 


20 


20 




Bheramara 


1978 


45 


33 


26 


38 


90 


FARIDPUR 


1992 


36 


32 


20 


20 


_ 


Modhukhali 


1978 


61 


52 


41 


48 


38 


NARAIL 


1993 


30 


20 


_ 


20 


20 


Laxmipasha 


1992 


35 


40 


25 


20 


- 


Lohagara 


1978 


68 


54 


40 


30 


38 



Source: BWDB, 1993. 



In the post-diversion period, due to the reduced flow in the Ganges system, 
hydrological drought has become a regular phenomenon. Tinsley et al. (1975) defined it as 
a period during which stream flows are inadequate to supply established uses under a 
given water management system. The uses include discharge required for fisheries, 
navigation, domestic and industrial sectors and surface water irrigation. The growing water 
demand in drought-prone areas is affected by reduced water availability because of 
upstream uses and regulation, saltwater intrusion, salinization of aquifers and declining 
ground water tables (EGIS, 2001b). 
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Figure 9.5. Drought-prone areas in Bangladesh. 
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9.3.5 ARSENIC POISONING 

Ground water resource of a large area in Bangladesh is contaminated with arsenic. A 
number of explanations with regard to possible contamination are available. One possible 
explanation is that arsenic contamination results from lowering the water table below 
deposits of organic matter containing antigenic arsenic pyrites. These arsenic pyrites 
oxidize in the vadose (draw down zone), releasing the arsenic as it is adsorbed on the iron 
hydroxide. Increased ground water irrigation due to the reduction of surface water flow 
caused by a multitude of barrages/dams built in India on streams crossing the border into 
Bangladesh resulted in repeated lowering and recharge of the water table. Also the drilling 
of thousands of tube wells to supply domestic needs and prevent the use of polluted 
surface water resulted in repeated draw down and recharge around the well. Swain (1996) 
reported a 400% and 1 60% increase, respectively in shallow tube wells in the former Khulna 
and Rajshahi region where the Ganges basin in Bangladesh is located. The building of the 
barrages/dams and the drilling of tube wells resulted in repeated wetting and drying of 
arsenic bearing sulfides in organic rich sediments. The oxidation of arsenic bearing 
minerals is the cause of arsenic release to the ground water due to a lowered water table 
(Bridge and Husain, 2002). 

Arsenic contaminated Bangladesh’s drinking water has leached into the food chain 
through irrigation systems used to grow grain. Hossain et al. (2001) detected the presence 
of arsenic in soil samples taken at 0 cm to 1 5 cm, 1 5 cm to 30 cm, and 30 cm to 45 cm depths. 
The contamination was possibly caused by irrigation water. By irrigating land with 50 cm of 
water containing 35 u arsenic/liter, the soil will accumulate of 0. 1 ppm (parts per million) 
arsenic in the soil (Mortoza, 2002). Comprehensive research is required to quantify the 
impact of arsenic contaminated irrigation water on the food chain. This was iterated in the 
declaration of the 4th international conference on the arsenic problem held in Dhaka, 
Bangladesh on January 12-13, 2002. 



9.4 Water Diversion and Effects on Agriculture 

Discussions in the preceding section demonstrate that diversion of water at Farakka has 
degraded ago-ecological constraints in the Ganges basin in Bangladesh. Crops suffered 
damage due to shortage of water, moisture depletion, delayed planting, increased exposure 
to drought and increased salinity. This section presents information on agricultural 
damages for field crops for the dry season of 1 992- 1 993 . The information was collected from 
105 Thanas (Table 9.6) in 19 new districts by the Directorate of Extension, Ministry of 
Agriculture, Government of Bangladesh on behalf of the Directorate of the Ganges Studies, 
and Bangladesh Water Development Board (BWDB). The area covered evaluation was 

3.5 million hectares. 

9.4.1 LAND UTILIZATION 

Land utilization in the study area is dominated by crop agriculture. Slightly over 63% of the 
gross area was cultivable of which 60.5% was used for crop production in the year 
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1992-1993. The remaining area forest (15.4%), orchard (2.34%) and the area that are not 
available for cultivation was 19%. The cropping intensity of the study area was 177%, 
slightly over the national average of 1 74.3% (BBS, 1 996). Double cropped area was about 
50% followed by single cropped (36.6%) and triple cropped ( 1 3 .4%) (BWDB, 1 993). 

Table 9. 6. Districts and Thana within the study area 



SI. No 


District 


Number of Thana 
Within the District or 
Study Area 


1. 


Rajshahi 


7 


2. 


Natore 


4 


3. 


Chapai Nawabgonj 


2 


4. 


Khustia 


6 


5. 


Chaudanga 


4 


6. 


Meherpur 


2 


7. 


Jessore 


8 


8. 


Jhenaidah 


6 


9. 


Magura 


4 


10. 


Narail 


3 


11. 


Khulna 


10 


12. 


Bagerhat 


9 


13. 


Satkhira 


7 


14. 


Faridpur 


8 


15. 


Sariatpur 


6 


16. 


Madaripur 


4 


17. 


Goplalgonj 


5 


18. 


Rajbari 


4 


19. 


Pabna 


6 


Total 




105 



9.4.2 CROPPED AREA 

Rice is the dominant crop in the study area followed by wheat, jute and sugar crops. 
Non-food crops like cotton, betel vine, orchard, etc. are also grown. Table 9.7 shows a 
summary of the distribution of cropping area for the year 1 992- 1 993 . 

HYV rice was planted in the 42.2% of the cropped area and the remaining 18.9% were 
local varieties. BWDB (1993) reported a decrease in HYV rice cultivation, and total rice 
cultivation registered a 3.2% reduction compared to 1991-1992. This was probably a 
response to non-availability of surface water for irrigation in the previous year. The 
reduction in rice cultivation was compensated by an increase in wheat, jute and rabi, which 
are less irrigation hungry crops. 
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Table 9. 7. Distribution of cropped area in the study area 



Crop 


Area (in ha) 


Distribution (%) 


Paddy 


22,72,446 


61.13 


Wheat 


19,5,692 


5.26 


Jute 


1,76,811 


4.76 


Sugarcane 


1,34,074 


3.61 


Other Food Crops 


12,751 


0.34 


Other Crops 






including Rabi 


9,25,830 


24.90 



Source: BWDB, 1993. 

9.4.3 IRRIGAnON 

During the year 1 992- 1 993, about 0.84 million ha of land were under irrigation (about 23% of 
the total cropped area and 40.4% of the net cultivated area). Irrigation in the study area is 
provided by the G-K Canals, Deep Tube Wells (DTWs), Shallow Tube Wells (STWs), Low 
Lift Pumps (LLPs), as well as, canal and indigenous methods. Rice (HYVs), wheat (HYVs), 
sugarcane, potato, tobacco, etc. are mainly irrigated crops. Table 9.8 shows the details of 
the irrigation in the study area by methods and districts. BWDB (1993) reported that 
irrigation by DTWs, STWs and indigenous methods was increased while irrigation by 
LLPs and G-K Canal has decreased considerably compared with 1991-1 992. The increase in 
irrigated area by indigenous methods, and the decrease by LLPs were found to be more 
significant. 

9.4.4 CROPPRODUCTION 

BWDB ( 1 993) estimated crop production for the year 1 992- 1 993 based on average yield of 
the project area. Total food production was estimated to be 5.7 million tons. This was about 
5.5% less than 1991-1992. Similarly, total production of non-food crops of the study area 
was estimated to be 12.5 million tons. It appears that there was a significant decrease in the 
production of food crops and significant rise in the production of non-food crops. 



9.5 Affected Area and Production Loss 

The Directorate of the Ganges Studies, BWDB, suggests that the production loss for some 
of the distinct reasons is related to upstream withdrawal of the Ganges water at Farakka. 
The causes related to water withdrawal are water shortage, moisture depletion, increased 
salinity and delayed planting. 

In the year 1992-1993 crop production loss was relatively more than the proceeding 
years. During the year 1 992- 1 993 rainfall in the study areas was 30%-less than the long time 
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average rainfall. On the other hand, there was not enough surface water in the river systems 
and other water bodies to supplement the rainwater shortage. This factor contributed 
significantly to the production loss. The other important reason for reduced crop 
production loss was the change in the cropping pattern. Farmers now prefer HYV boro 
instead of B. aus with irrigation by STWs and DTWs. 



Table 9.8. Area (ha) under irrigation by different methods for 1992-1993 



District 


DTW 


STW 


LLP 


G-K 

Canal 


Indigenous 


Total 


Rajshahi 


10,668 


22,213 


2,605 




2,897 


38,383 


Natore 


11,000 


37,431 


1,070 


- 


447 


49,948 


C.Nawabgonj 


8,991 


4,580 


1,539 


- 


2,473 


17,583 


Khustia 


17,133 


29,421 


3,992 


37,589 


2,651 


90,786 


Chaudanga 


15,892 


43,611 


1,767 


6,365 


444 


68,079 


Meherpur 


13,999 


24,338 


639 


- 


991 


39,967 


Jessore 


25,265 


75,789 


4,224 


- 


4,573 


109,851 


Jhenaidah 


8,173 


46,138 


7,578 


23,730 


663 


86,282 


Magura 


2,523 


29,060 


3,500 


2,686 


5,056 


42,825 


Narail 


43 


11,273 


7,674 


- 


1,883 


20,873 


Khulna 


- 


4,435 


1,445 


- 


1,528 


7,408 


Bagerhat 


- 


2,659 


1,517 


- 


5,554 


9,730 


Satkhira 


12,721 


30,170 


3,016 


- 


1,307 


47,264 


Faridpur 


6,675 


29,673 


4,359 


- 


773 


41,480 


Sariatpur 


2,740 


9,541 


1,845 


- 


188 


14,314 


Madaripur 


1,468 


8,565 


11,330 


- 


1,324 


22,687 


Goplalgonj 


1,424 


8,360 


12,278 


- 


5,674 


27,736 


Rajbari 


10,143 


25,060 


440 


- 


5,515 


41,158 


Pabna 


31,022 


32,181 


5,233 


- 


3,715 


72,151 



Source: BWDB, 1993. 

9.5. 1 WATER SHORTAGE 

Mainly irrigated crops have suffered from shortage of water. Due to water withdrawal at 
Farakka during the dry season, the water level in the Ganges drops abruptly and most of its 
distributaries become dry. Crops irrigated by LLP and gravity irrigation through the 
G-K Canals suffer from shortage of water. Crops directly affected due to the shortage of 
water are HYV boro, aus and T. aman, wheat and some rabi crops. During the year 
1 992- 1 993, the total area affected by shortage of water was 17,168 ha. This was about 82% 
more than in 1 99 1 - 1 992. Sustained yield loss differs from crop to crop and on the magnitude 
of irrigation. Maximum yield loss was estimated to be about 83% for HYV boro. BWDB 
(1993) mentioned an alarming increase in the area damaged due to water shortage. This was 
resulted from less rainfall and decreased irrigation by LLP and Canals of the G-K Project. 
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9.5.2 MOISTURE DEPLETION 

Major crops that suffered from moisture depletion were B. aman, B. aus, wheat and oil 
seeds. The total area affected due to moisture depletion was 200,597 ha which was 1 89,402 
ha more than in 1991-1992. Affected districts were Rajshahi, Natore, Pabna, Jhenaidah, 
Khulna, Sariatpur, Bagerhat and Satkhira. B.aus and B.aman are the most affected crops, 
and the estimated maximum yield loss was slightly over 33%. Other major affected crops 
were wheat, jute and oilseeds. 

9.5.3 DELAYEDPLANTING 

Crops like HYV T. aman and T. aman (L) suffered yield loss due to delayed planting. The 
total area affected was 1 17,778 ha. All districts but Rajshahi were affected due to delayed 
planting. Maximum yield loss was estimated to be about 88%. 

9.5.4 SALINITY 

Reduced flow and the rising of riverbeds due to siltation resulted in the encroachment of 
tidal saline water in the Southwest region of Bangladesh. Intrusion of salinity in the soil 
imposes limitation on the cultivation of crops. Vast areas remain fallow during the dry 
season. Crops like B. aus, T. aman (L), HYV boro and boro (L) were affected in the maturing 
stages. The area affected in 1992-1993 due to salinity was 23,408 ha. A seriously affected 
crop was local T. aman. The maximum yield loss was estimated to be about 86% in case of 
HYV boro followed by T. aman (L) (71%). The most affected districts were Khulna and 
Bagerhat. 

9.5.5 PRODUCTIONLOSS 

The total affected area due to water shortage, moisture depletion, delayed planting and 
salinity was 0.36 million ha. From this agricultural land, during 1 992- 1 993 crop production 
loss was estimated to be about 0.34 million tons, of which 0.33 tons were food crops. Loss 
from clean rice plus wheat together was 0.23 tons. The value of production loss for 
1992-1993 was estimated to be about Tk. 2,299.2 million (US$ 56.9 million). 

9.5.6 POPULATION AND FOOD REQUIREMENTS 

According to the population census of 1991 (BBS, 1991), the population of the study area 
comprising of 105 Thanas was 24.8 million. Total food (clean rice) requirement for this 
population was 4.2 million tons. The estimated food production was 4 million tons which 
was about 0.2 million tons less than the estimated requirement. Had there been no 
production loss of food crops of about 0.2 million tons due to agro-ecological constraints 
imposed by the diversion of the Ganges waters, the study area would be self sufficient in 
food. 
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9.5.7 nSHERIES RESOURCES 

The Ganges system in Bangladesh supports a large variety of freshwater fish and prawns. 
But due to reduced flow and stagnation of the water in the dry seasons, aquatic organisms 
have been impeded and the increased water temperature has resulted in decreased oxygen 
levels creating an unfavorable condition for the riverine fisheries (Swain, 1 996). The changes 
in the hydro-ecological condition in the lower reaches of the Ganges and its distributaries 
have affected Hilsa^ (Tenualosa ilisha) and other species along with 12 species of prawns 
(Swain, 1996). Low flows in the dry season discourage its migrations^ , closing down the 
Goalundo Ghat landing station on the Padma River (combined flow of the Ganges and 
Brahmaputra Rivers) once famous for its large Hilsa landings. The Hilsa fishery has dwindled 
in the post-Farakka period. Adel (2001) reported the extinction of a number of open water 
fish species in the Musa Khan sub-basin of the Ganges (Table 9.9). According to the 
estimate of the Fisheries Department of Bangladesh, the production of captured fish in the 
Ganges basin area has dropped to 178,000 tons in 1989-1990 from276,000 tons in 1973-1974 
(Figure 9.6). 

As fish are the staple food of the Bangladeshis, the deterioration of the situation has 
posed a serious nutritional problem in the country. About 63% of the animal protein comes 
from fish and fish products. About 10% of the total population is directly/indirectly 
dependent on the fishery sector. It employs about 1 .3 million people and contributes 6% to 
the national GDP. 



9.6 Concluding Remarks 

The Ganges basin in Bangladesh is a climatologically sensitive region. The basin 
experiences the lowest rainfall in the country and it is highly variable. Drought is a frequent 
visitor to the basin. A large part of the basin is vulnerable to saline water penetration. 
Southwest region of Bangladesh in the Ganges basin has the lowest amount of useable 
ground water. Agro-climatic variability together with decreased availability of surface 
water in the Ganges system created an unfavorable situation for agriculture. The 
Ganges-Kobadak Project suffers regularly from the low flow in the Ganges. Analytical 
results presented in this chapter demonstrate the adverse effects of the diversion of the 
Ganges water at Farakka and upstream on agriculture in Bangladesh. Productivity of crop 
agriculture has significantly reduced. Damage to fishery sector is also significant. As 
agriculture is the principal contributor to the GDP and employment, any adverse effect on 
this sector has cascading effects on income, poverty and nutrition. Information available 

^ Hilsa feeds and grows mainly in marine waters, migrating to freshwater for the express purpose of 
spawning. Although migration distances of 50 km- 100 km are more common, Hilsa are known to 
migrate 1,200 km upstream to spawn in the Ganges system. 

^ Many of the migratory routes in the Ganges basin have changed in recent years, which have forced 
fish species to change their migratory patterns. For example, the Atharobanki River was a migratory 
route through the Nabaganga River. Similarly, part of the Baleswar River, West of Nazirpur was also 
an important fish migratory route. Over the decades, these routes have changed due to changes in 
river morphology (EGIS, 2001a). 
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on these factors seems to be inadequate. More systematic and comprehensive research 
and analysis are required to reveal micro-level impacts of decreased agricultural outputs. 

Table 9.9. Fish species extinct in the Musa Khan sub-basin 



Species 


Habitats 


Hilsha (Hisha spp.) 


rivers 


Pangash (Pungasius pungasius) 


rivers 


Chital (Chitala chitala) 


rivers, ponds 


Bacha (Eutropiichthys vacha) 


rivers 


Catla (Catla catla) 


rivers, flood plains, ponds 


Baus (Labeo calbasu) 


flood plains, ponds, ditches 


Koi (Anabas testudineus) 


flood plains, ponds, ditches 


Bheda {Nandus nandus) 


flood plains, canals 


Khalse {Colisa fasciatd) 


flood plains, canals 


Tangra (Mystus vittatus) 


canals, ponds, flood plains 


Shing (Heteropneustes fossilis) 


flood plains, ponds, ditches 


Magur {Clarias batrachus) 


flood plains, ponds, ditches 


Chang (Channa gachua) 


flood plains, ditches, canals 


Gari {Channa punctatus) 


flood plains, ditches, canals ponds 


Chela {Chela atpar spp.) 


flood plains, ditches, canals canals. 


Chanda {Chanda spp) 


ponds, flood plains 


Pabda {Ompok pabda) 


canals, ditches, flood plains, ponds 


Danrkina {Danio spp) 


rivers, canals 


Chingri {Macrobrachium rosenbergii) 





Source; Adapted from Adel (2001). 




Year 



Figure 9. 6. Quantity of fish catch (excluding culture fish) in the Ganges basin area in Bangladesh. 
Data source: Department of Fisheries, Government of Bangladesh, 1990. 
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10.1 Introduction 

Planned measures on shared rivers and lakes have long been a source of enormous tension 
between riparian states.^ The environmental dimensions of such measures are also 
recognized in comparatively recent reports and documents. The World Commission on 
Dams, in its Report of 2000, observed that large dams and diversion projects can lead to the 
loss of forests and wildlife habitat, aquatic biodiversity, and can affect downstream flood 
plains, wetlands, riverine, estuarine, and adjacent marine ecosystem.^ The Commission 
therefore underscored the necessity of “identifying the legitimate claims and entitlement” 
involved in such projects.^ 

It may be safely argued that the ideal practice of addressing environmental concerns 
related to a planned measure is to conclude comprehensive and efficient agreement for 
sustainable use of international watercourses."^ However, the river treaties, in particular 
between developing countries, sometimes lack such efficiency by either substantially or 
completely avoiding environmental issues or focusing solely on arrangements for 
allocation of river flows. The 1996 Treaty between Bangladesh and India concerning the 
Ganges River may be cited as a representative example of this category of treaties. 

The 1996 Treaty was signed by Bangladesh and India following a protracted 
negotiation spanning nearly four decades and a series of short-term interim sharing 



^ For detail, see, UN ECE: 1952, Legal Aspects of Hydro-electric Development of Rivers and Lakes 
of Common Interests, E/ECE/136. See also the report of the International Law Commission titled 
“Legal problem relating to the utilization and use of international rivers” in Yearbook of ILC, 1 974, 
11(2), 33-357. For economic aspects of those tensions see. Smith, H., A.: 1931, The Economic Uses 
of International Rivers, King, London. 

^ World Commission on Dams; 2000, Dams and Development: A New Framework for 
Decision-making, the Report of the World Commission on Dams, Executive Summary, p. xxxiii. 

^ Ibid. 

See in this regard. Shine, C. and Klemm, C., D.: 1999, Wetlands, Water and the Law: Using Law to 
Advance Wetland Conservation and Wise Use, lUCN, Gland, Switzerland. 
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agreements.^ The 1996 Treaty produces an arrangement for the sharing of the scarce water 
resources of the Ganges for the next thirty years. But, while doing that, it falls short of 
addressing the environmental issues involved in the sharing arrangement. It has hardly 
embraced the environmental provisions of the 1994 final drafts of the global watercourse 
convention that was later adopted in 1997, although the customary rules of the convention 
can still be argued to be applicable to the contracting parties of the 1996 Treaty.^ 

Given that India, being the upper riparian, “has the first access to the scarce water 
resources of the Ganges” and enjoys the ability to “externalize a disadvantage and pass it 
down river’V this chapter focuses mostly on the environmental legal aspects of the 
upstream diversions of the Ganges water by India. First: it draws on independent studies to 
see the extent to which environmental and economic impacts were envisaged in the 
pre-diversion period and compare the findings to the post-diversion documents to assess 
the seriousness of the environmental concerns associated with the Ganges water 
diversions. Second: it analyses the water sharing arrangement enshrined in the 1996 Treaty 
to examine its relevance to the environmental concerns. It is followed by a discussion of the 
1 997 Watercourse Convention to explain the international legal norms relating particularly 
to the environmental issues and a comparison of the efficiency of the 1997 Convention and 
1996 Treaty in effecting sustainable utilization of water resources. The next section 
discusses relevant environmental instruments to see how they have reinforced the 
necessity of addressing environmental concerns involved in utilization of the transboundary 
water resources. The conclusion of this chapter identifies the areas for accommodation of 
environmental issues in the 1996 Treaty and makes recommendations to that effect. 



^ It may be mentioned here that Bangladesh and India have yet to resolve their disputes on the 
utilization of other major rivers. A Joint Committee of Experts of the two States, at its meetings in 
1986, underscored the immediate need for sharing of at least nine common rivers namely the Ganges, 
the Teesta, the Muhuri, the Manu, the Gumti, the Khowai, the Brahmaputra, the Dharla and the 
Dudh Kumar. Among them, no substantive progress has yet been achieved in reaching arrangements 
for sharing of the last seven rivers. See, in this regard, Islam, M. N.: 1999, Equitable Sharing of The 
Water of the Ganges, Applicable Procedural Principle and Rules Under International Law and Their 
Adequacy, Unpublished PhD thesis. School of Oriental and African Studies, University of London, 
244-249; Rangachari, R, and R. R. Iyer: 1993, Indo-Bangladesh talks on the Ganga waters issue. In: 
Verghese, B.G., and R.R. Iyer, (Eds.), Harnessing the Eastern Himalayan Rivers, Regional 
Co-operation in South Asia, Konark Publishers, New Delhi. India’s recent plan to inter-link the 
international rivers including the Ganges and Brahmaputra to withdraw their water to its Southern 
States have been seriously protested by Bangladesh. See in this regard. Letter to Indian CJ for 
reviewing river-linking court order (www. thedailystar.net), 72/09/03. 

^ Islam, M. N.: 1999, Ibid., 256-260. See also. Sands, P.1997, Bangladesh-India, Treaty on sharing of 
the Ganges Waters at Farakka, Introductory note. International Law Material 36, 519-521. 

^ Rogers, R, Lydon, P. and Seckler, D.: 1989, Eastern Waters Study: Report to Congress, ISPAN, 
Arlington, Virginia, USA, p.28 quoted in Crow, B. and Lindquist, A.: 1990, Development of the 
Rivers Ganges and Brahmaputra: the difficulty of negotiating a new line, (DPP working paper 
No 19), The British Open University, 19. 
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10.2 Environmental Impact of Indian Water Diversion Projects 

Before embarking on any discussion on the Ganges agreement between Bangladesh and 
India, it is pertinent to focus on the impact of the Ganges water diversion projects 
(particularly the Farakka Barrage Project^), which propelled these two countries to 
negotiate those agreements. The claims and arguments these two states made in relation to 
the impacts of those projects were generally contentious, contradictory and may be 
prejudicial. The difference in their views was most evident in the text of the official 
documents Bangladesh and India published respectively in September 1976^ and some 
days afterward.'® 

Besides the official documents of these two States, there are some independent and 
‘non-traditionaT sources like that of the World Bank study and records of Indian Lok 
Sabha (Lower House of the Parliament). Debates can be considered to be more objective in 
assessing the nature and impact of those projects. Consulting these materials would 
enable us to evaluate the extent to which historic tensions between Bangladesh and India 
are taken into account in the negotiation of the 1996 Treaty. 

10.2.1 RELEVANTFINDINGSOFTHE 1972 WORLD BANK STUDY 

The land and water resources sector of Bangladesh formed the subject matter of a 1972 
World Bank Study, of which Technical Report 22 of Volume 7 concerned the transboundary 
aspects of water resources utilization in Bangladesh. While assessing the downstream 
impact of Indian Projects on the Ganges, the said report relied heavily on the data of a 
document titled “India, Irrigation and Power Projects, Five Year Plan” that was prepared in 
1970 by the Central Water and Power Commission of Ministry of Irrigation and Power of 
India. As regards, the projects in the upstream areas in Uttar Pradesh and Bihar, the World 
Bank Study warned that: 

The rate of progress of the on-going and new projects over the next ten years is 
largely a matter of conjecture but it is not unreasonable to assume that it will be 
at least one-half million acres per year. If the capacity of the canal headwork is 
designed at about 7 cusecs/per 1 ,000 acres gross the total diversion capacity 
would thus grow at the rate of 3,500 cusecs per year or 35,000 cusecs over the 



^ The Farakka Barrage Project was completed in 1 972 for diverting a major portion of the dry season 
flows of the Ganges to the Bhagirathi-Hoogly distributary to improve the condition of the Calcutta 
(now Kolkata) Port of India. 

^ Government of Bangladesh: 1976, White Paper on the Ganges Water Dispute. PAonti version of the 
above document is Government of Bangladesh: 1976, Deadlock on the Ganges. 

Government of India, The Farakka Barrage, undated. This Indian document contains 
counter-arguments to Bangladesh’s claims made in the White Paper (ibid.) dated 1 1 September 1976, 
and it was distributed to diplomatic missions and delegates to the United Nations in September/ 
October of 1976 (see in this regard, Crow, B., Lindquist, A. and Wilson, D.: 1995, Sharing the 
Ganges'. The politics and technology of river development. University Press Ltd., Dhaka, p.l24). 
Therefore, it was published probably in late September or early October of 1976. 
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next ten years. Such a potential incremental diversion of flow is small compared 
with the mean monthly flows for July to November but is about 40% of the mean 
dry season flow at Hardinge Bridge [the discharge measurement station in 
Bangladesh].^* 

The construction of the Farakka Project was nearly completed at that time and the 
World Bank Study categorically suggested that the Farakka Project alone could seriously 
constraint the water resources availability of the Ganges in Bangladesh. The relevant 
paragraph of the Study reads: 

India’s development in the Ganges basin will seriously reduce the amount of 
dry flow entering Bangladesh. The proposed Farakka diversion alone 
represents a potential difficulty for the successful operation and development 
of the GK scheme [a major irrigation project of Bangladesh on the Ganges basin] 
if India is to abstract 40,000 cusecs regardless of the residual flow [to be caused 
by the upstream irrigation projects]. ... Further expansion of irrigation from the 
Ganges in Bangladesh should, therefore, be linked with a resolution of the 
Ganges water dispute.*^ 

It is understandable that since the subject matter of the World Bank Study was water 
resources utilization in Bangladesh, its priority was examining the constraints of Bangladesh 
in this respect rather than the water needs of upper riparian country of India. Unfortunately, 
India never felt it necessary to justify these needs by providing Bangladesh with all the 
relevant project documents. 

10.2.2 OTHERFINDINGS ON DOWNSTREAM IMPACT 

Despite repeated requests of Bangladesh for negotiation also on the upstream projects in 
Uttar Pradesh and Bihar, India never agreed to extend the agenda of bi-lateral meetings 
beyond the Farakka Project. Questions have been raised about the harmful impact of those 
projects even during a debate at the Indian Lok Sabha (Lower House of the Parliament) that 
convened immediately after the completion of the construction of the Farakka Barrage in 
1972. At one stage of that debate the parliamentarian from the West Bengal State in which 
the Farakka Barrage is constructed voiced their concern about the downstream impact of 
the “34 major and 170 minor” projects in upstream areas of Bihar and Uttar Pradesh. The 
most relevant part of the reply of the Irrigation Ministry of India was: 



IBRD/IDA: 1972, Bangladesh, Land and Water Resources Sector Study, Vol. 7, Technical Report 
No. 22, p.4. Technical Report No. 20 (Overall water resources potential) and 22 (International water 
aspects) of Volume 7 concern transboundary aspects of water resources utilisation in Bangladesh. 

IBRD/IDA: 1972, ibid, Technical Report No. 22, p. 10, para. 4.01; Verghese, B.G.: 1990, Waters 
of Hope, Oxford and IBH, New Delhi, p.79, observes that ‘Bangladesh is short of resources and all 
donor nations and agencies more or less insist on international agreement on water sharing before 
they are willing to commit themselves to substantial investment’. 
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[I]t is to be noted that prior to sanction of Farakka Barrage Project, some projects 
were approved to supply irrigation waters during the lean months. As these 
projects have not yet come into full use, the flow in lean months in Ganga is not 
yet affected [bold added]. 

The above statement clearly indicates that once the upstream projects are in ‘full use’, 
it would affect the downstream flows of the Ganges. It can also be inferred there from that 
since the Farakka Project would have the first access to that residual downstream flows, the 
availability of Ganges water in Bangladesh would be very uncertain unless some kinds of 
comprised is worked out to regulate the upstream use of the Ganges. 

10.2.3 BANGLADESH AND INDIA’S OFFICIAL DOCUMENTS 

The harm factor of Ganges diversion was hotly contested between Bangladesh and India 
particularly during 1976 when India started the unilateral operation of the Farakka Barrage. 
The difference in their views was most evident in the text of the aforesaid 1976 official 
documents. 

The adverse effects of the Ganges Diversion alleged by Bangladesh included a decline 
in irrigation and in food production, increased saline intrusion particularly in the estuary of 
the Ganges, problems of inland navigation, depletion of fishery, forestry and livestock’s, 
shortage of drinking water, problem of industry and increase in health hazard. In reply, 
India did not fully discard Bangladesh’s allegations, although she argued that only ‘some 
minor problems may arise, but these can be remedied without impeding the diversion of 
Ganges water into the Hooghly [through the Farakka Project]’ India, however, refrained 

from explaining its position as to the alleged impact of further upstream projects. 

India also avoided giving any speciflc reply to Bangladesh’s claim that the Ganges 
diversion went against some environmental commitment as enunciated in a number of 
documents including recommendation 51(b) of the UN Conference on the Human 
Environment Principle 21 of 1972 Declaration on Human Environment, Resolution 2995 



India, ‘Reported failure of the Government to complete Farakka Barrage’, Lok Sabha Debates, 
14/8/72, Ser. 5, Vol.18, Col. 322. 

Government of Bangladesh: 1976, White Paper on the Ganges Water Dispute, 6-10. For a detail 
analysis of Bangladesh’s claims and India’s counter claims concerning effects of the Farakka Projects 
in Bangladesh, see, Crow, B., Lindquist, A. and Wilson, D.: 1995, Sharing the Ganges: The politics 
and technology of river development. University Press Ltd., Dhaka, 124-159. Crow and his 
co-author’s study was based on White Paper (ibid.) of Bangladesh, The Farakka Barrage (ibid.) of 
India and also on a large four- volume work entitled Special Studies. The Special Studies was produced 
jointly by Bangladesh Water Development Board (BWDB) and International Engineering Company 
(lECO) (a San Francisco based US engineering firm) and it was published by the Bangladesh 
Government in September 1976. See also. Begum, K.: 1987, Tension Over the Farakka Barrage, 
University Press Ltd., Dhaka, 128-156. 

India, (1976) The Farakka Barrage, col. 9. For detail, see cols. 9-17. 

Bangladesh, (1976), White Paper on the Ganges water dispute, 19-24. 
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(XXVII) of 1 972 General Assembly session and Article 30 of the UN Charter of Economic 
Rights and Duties of States. Bangladesh invoked those documents to make a claim that 
India had an additional duty not to injure Bangladesh’s environment and that duty could 
be performed by releasing ‘sufficient water’ to check saline intrusion from the Bay of 
Bengal. 

The reasons for India’s silence in 1976 (no public document on Farakka issue was 
published afterwards by India) on environmental issues may be explained by the fact that 
those issues had not yet been adequately addressed in the contemporary or earlier 
codifications of international river laws such as the Helsinki Rules of 1966.'^ The 
environmental norms, however, had been sufficiently developed at the time the 1 996 Treaty 
between India and Bangladesh was negotiated. 



10.3 Legal Responses in the 1996 Treaty 

Bangladesh and India concluded a number of bi-lateral agreements (For example, the 1977 
Agreement, the 1982 and 1985 Memorandum of Understandings) for the allocation of 
Ganges water before entering into the 1996 Treaty. We would here analyze the 1996 Treaty 
with reference to the relevant provisions of earlier agreements in order to examine the 
efficiency of the present legal regime in addressing, inter alia, the above environmental 
concerns. 

10.3.1 PRINCIPLES OFTHE 1996 TREATY 

The title of the 1 996 Treaty is ‘Treaty between the Government of the Republic of India and 
the Government of the People’s Republic of Bangladesh on Sharing of the Ganga/Ganges 
Waters at Farakka’. The title indicates that the Treaty provides for the sharing of the 
residual flows of the Ganges available at Farakka after its diversion and use in the upstream 
areas of Uttar Pradesh and Bihar of India. 

The 1996 Treaty has three parts: the preamble, the operative part containing 12 
Articles and the Annexes. Article I to XI set forth the provisions for sharing of the Ganges 
flow and addresses related matters. And according to Article XII, the Treaty entered into 
force on the date of its signing (that is December 12,1 996), it has a duration of thirty years 
and it could be renewed on the basis of mutual consent. 

The preamble of the 1996 Treaty has reproduced that of the 1977 Agreement to a 
considerable extent. It makes reference to the guiding principles : ‘ mutual accommodation ’ 
for sharing of the flows at Farakka and ‘optimum utilization’ of the waters of the region. 
While elaborating 'optimum utilization’, it makes reference to ‘flood management. 



For text of the Helsinki Rules, see International Law Association (ILA): 1966, Report of the 52^"^ 
Conference, Helsinki, 484-532. In this regard, see also the study of Asian- African Legal Consultative 
Committee in AALCC, 1972, Report of the 13‘^ Session held in Lagos, 69-92. 

For the text of the Treaty, see International Law Materials 36, 523 (1997). 
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irrigation, river basin development and generation of hydropower for the mutual benefit of 
the people of the two countries’. It describes the sharing arrangement enshrined in the 
treaty as ‘fair’ (as was said in the preamble of the 1977 Agreement) and also ‘just’, which 
conforms to the principle of equitable utilization.^^ 

The preamble makes no reference to conservational or environmental aspects of water 
utilization. It is silent on the question of maintaining “environmental flow” which many 
environmental conventions like the 1972 Ramsar Convention and 1992 Convention on 
Bio-Diversity considered essential for sustaining the normal functions of a river. 

10.3.2 SHARING UNDER THE 1996TREATY 

The 1996 Treaty has retained the provisions of the previous agreements relating to the 
period of sharing from 1 January to 3 1 May of a year, sharing by every 10-day period and 
allocation of water available at Farakka. It, however, contains new sharing formulas. These 
formulas describe three different possibilities of water availability at Farakka according to 
which water shares of the two States would vary. The formulas are laid down in Annex I to 
the Treaty and their implications are shown in an ‘indicative schedule’ at Annex II to the 
Treaty. 

10.3.2.1 Sharing Formulas 

According to the above Annexes, if water availability at Farakka is more than 75,000 cusecs 
(expected in January, February and the last ten days of May), India receives her full 
requirement of 40,000 cusecs, and Bangladesh the rest. If the flow is between 70,000 cusecs- 
75,000 cusecs (expected during the first ten days of March and the second ten days of 
May), Bangladesh receives 35,000 cusecs, and India the rest. In the driest periods of 
10 March to 10 May, if the available water at Farakka is less than 70,000 cusecs but more 
than 50,000 cusecs, the two States share that water on a 50:50 basis.^^ The 50:50 sharing is 
subject to a provision that Bangladesh and India each receives guaranteed 35,000 cusecs 
of water in alternative 10-day periods during 10 March to 10 May.^^ 

The applicability of the Treaty has been delimited by providing that in cases of 
availability of below 50,000 cusecs of water, the sharing formulas of the Treaty would have 



See in this regard, Para 9, commentary to Article 5, Report of the ILC on the work of its 46th 
session in UN, GAOR, 49th session. Supplement No. 10, pp.22 1-222, UN. Doc. A/49/10 (1994) 
[hereinafter 1994 ILC Report]. 

As regards environmental flows, an International Conference on Ramsar Convention provides that 
“Water system require water (the right quantity in the right place) to function properly and to secure 
a constant and quality supply for other use. . . .Human use can only be satisfied in the long-run by 
first ensuring the “environmental allocation” that the system requires to continue to perform.” See, 
The Bureau of the Convention on Wetlands, The key role of wetlands in addressing the global water 
crisis. Paper communicated to the Contracting Parties by diplomatic notification on 1998 and 
presented to the delegate at the International Conference in Paris, 19 March 1998, 4-5. 

See Article II(i) and Il(ii) of the 1996 Treaty. See also Annex I and Annex II to the 1996 Treaty. 

Annex I to the 1996 Treaty. 
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no relevance. In such cases, as Article Il(iii) of the Treaty provides, India and Bangladesh 
‘will enter into immediate consultations to make adjustment on an emergency basis, in 
accordance with the principle of equity, fair play and no harm to either party’. 

The sharing formulas of the 1996 Treaty are essentially based on the figures of water 
availability shown in Annex II to the Treaty and, therefore, their implementation depends 
on the reliability of those figures. 

10.3.2.2 Water Availability 

The method used in the 1996 Treaty for calculating the water availability at Farakka is 
unique in some respects. To compare, previous agreements were based on calculation of 
75% availability of the flows of the previous years. But the 1 996 Treaty is based on figures 
of average historic flows of the 40 years period during 1 949- 1 988. By doing that this Treaty 
has shown unreliable figures of available flows, which on average for all 10-day periods are 
around 24 1 mVsec (8,500 ftVsec) ( 1 2%) more than that of the 1 977 Agreement.^^ As Ainun 
Nishat, an eminent engineer explained to this author, 75% availability formula was always 
preferred in the previous agreements between Bangladesh and India because it provides a 
more assured notional flow which is not possible by a calculation based on flat average of 
the flows of previous years.^"^ 

A more unconvincing aspect of the ‘average flow’ formula used in the 1996 Treaty is 
its heavy reliance on the flows of the 3 1 years before 1980, the year when the ‘historic flow’ 
at Farakka was first noticed to be decreased probably because of the expansion of the 
upstream withdrawals^ This formula represents an average of the undisturbed flows of 3 1 
years ( 1 948- 1 979) and the decreased flows of the later 9 years ( 1 980- 1 988). Thus, the results 
provide less reliable figures of future water availability than what could have been 
estimated on the basis of 75% availability formula. During the operation of the previous 
agreements in 1 978 to 1 988, available flows at Farakka were found to be less than the figures 
based on 75% availability of the historic flows. Given that, the inclusion of full average 
flows in the 1996 Treaty needed to be justified, which had not been done.^^ 

The calculation of water availability appears to be more unreliable due to its exclusion 
of the post- 1988 data. It was reported in the Indian press that in the post- 1988 period, a 
substantial amount of Ganges water was regularly withdrawn, through ‘nearly 400 lift 



For detail, see Islam, supra note 5, 265-266. 

Professor Nishat is currently the Country Representative of the World Conservation Union 
(lUCN) Bangladesh. The interview was taken in March 1999 during the completion of this author’s 
PhD thesis. For detail, see Islam, n. 5, p.286. 

Islam, ibid, pp.222-223. 

In 1980 dry season both Bangladesh and India complaint about receiving less water than their 
stipulated share in the 1977 Agreement. During the implementation of subsequent MOUs, the 
Ganges flows at Farakka decreased to such an extent that India and Bangladesh had to enter into 
agreement to share ‘exceptionally low flow’. See ibid, pp.23 1-232. 
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irrigation projects’, in the upstream areas of the Ganges basin in India.^^ Just three months 
before the conclusion of the 1996 Treaty, the Chief Minister of West Bengal reportedly told 
the Central Government of India that the interests of Bangladesh and West Bengal were 
being hampered by arbitrary withdrawal of the Ganges water by Uttar Pradesh and Bihar 
(two upstream states of India).^^ It was also reported at that time that the available dry 
season flow at Farakka was not more than 1 , 1 34 mVsec (40,000 ftVsec).^^ The above reports 
confirm to the apprehensions that the West Bengal Parliamentarians expressed during the 
Lok Sabha debate in 1972 about the impact of the upstream projects on the Ganges.^® 

10.3.3 PROTECTION OF THE AGREED SHARE AND HARM FACTOR 

Although sharing under the 1996 Treaty depends on stable flows at Farakka, the 1996 
Treaty contains a mere assurance of India for protecting the water flows at Farakka. That 
assurance falls far short of amounting to an obligation of controlling or regulating uses of 
the Ganges water in the more upstream areas.^’ The fragility of that assurance can be well 
assumed from the provision in Article Il(iii) in which both the States recognized the 
possibility of water availability of below 50,000 cusecs. 

Such provisions for sharing residual flows alone could hardly ensure protection from 
the serious downstream impact. That is why the 1977 Agreement made an additional 
arrangement for guaranteeing Bangladesh at least 80% of its stipulated share irrespective 
of the actual availability of the Ganges water at Farakka. That provision virtually obliged 
India to regulate upstream withdrawal of the Ganges water or to accept receiving lower 
amount of water at Farakka point. The subsequent Memorandum of Understandings (MOUs) 
of 1982 and 1985 deleted that guarantee clause. But to some extent, the agreements 
concluded under the MOUs protected Bangladesh’s interest by requiring India to share 
half of the shortage of the agreed share of Bangladesh. Compared to these agreements, the 
1996 Treaty contains two relevant provisions. One is Annex I, which assures each State a 
guaranteed 35,000 cusecs of water in alternative ten day periods during 10 March to 
10 May. Other is Article XI, which guarantees 90% of Bangladesh’s share in cases of 
disagreement on adjustments during review of the Treaty. However, both these provisions 



Banerjee, R., Indo-Bangla accord, defying the current, India Today, 15/1/97, 110-111. See also. 
Government grilled on Ganga Waters Treaty, Hindustan Times, 912191 . 

Reported by Subhir Voumik, BBC correspondent in India, broadcasted on 1/9/96 by BBC World 
Service, Bengali Section. The BBC report is reproduced in the Aajker Kaghaz, 2/9/96, 
‘BBC-er protebedon, Gangar jol niyey Bangladesh-Bharot birodh mitiey feltey Dillir upor Paschim 
Banglar chap’ [BBC Report, West Bengal put pressure on Delhi to resolve the Ganges water dispute 
between Bangladesh and India]. The Telegraph, 12/12/96, ‘Bangla bargain pays off, treaty today’ 
reported that unrestricted withdrawal of the Ganges water by Uttar Pradesh and Bihar was liable for 
lower flows at Farakka. It also reported that the West Bengal Chief Minister asked the Indian Prime 
Minister ‘to ban further construction of dams in the upper catchments in Uttar Pradesh and Bihar’. 

BBC Report, ibid. 

See above section 2.2. 

The relevant provision of Article Il(ii) provides that India ‘would’ make ‘every effort’ to protect 
the flows of water at Farakka. 
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are of limited utility due to their subjection to Article Il(iii) of the Treaty, which provides 
only for consultation in cases of below 50,000 cusecs of water availability at Farakka. 

The above-mentioned Article Il(iii) of the 1996 Treaty is virtually a reproduction of a 
provision of the 1982 MOU. The inherent flaw of that provision was experienced in 1983 
when an ‘exceptional low flow’ occurred in April 1983, but India and Bangladesh failed to 
hold consultation until July 1983.^^ In the 1985 MOU, such uncertainty was mitigated by 
concluding a concurrent agreement, which required India to share half of the shortage in 
the water supply to Bangladesh.^^ The 1996 Treaty only provides for entering into 
consultation to make an immediate adjustment on the basis of the principles of ‘equity, fair 
play and no harm to either party’. Further to its inability to address the urgency of the 
situation, this provision hardly looks to be efficient to protect the downstream State from 
serious harm. As noted in a study of the US Government on Indo-Bangla common rivers: 

A fundamental of relations in the basin is the advantage enjoyed per se by an 
upstream country (upper riparian), a structural element that is particularly 
important to Bangladesh and to India ... the upper riparian [India] has first 
access to a scarce resource ... [and] can externalize a disadvantage and pass it 
down river. 

It is, therefore, understandable that if the two States fail to agree or if they take a long 
time to agree their share of a flow of below 50,000 cusecs, Bangladesh would suffer more. 
Even in the event of agreement over sharing of such flow, Bangladesh’s share of the 
residual flow could fall far short of its basic requirements needed for maintaining the normal 
functions of the river as well as protecting the economic and environmental use of the river 
flow. 



As we will see in our later discussion on the 1997 Watercourse Convention, the 
concept of equitable and sustainable use of the International River requires more 
safeguards to ensure the reduction or mitigation of environmental and economic harm. But 
before that it is necessary to explain the relevant provisions of the convention. 



Abbas A.T, B.M.: 1982, The Ganges Water Dispute, 115. Mr Abbas A.T. commented: ‘This is not 
a workable proposition as water would not wait for such consultation and would be lost by the time 
any consultation could be held’. 

Islam, n. 4, pp.23 1-232. 

Rogers, R, Lydon, R and Seckler, D.: 1989, Eastern Waters Study: Report to Congress, ISPAN, 
Arlington, Virginia, USA, p.28 quoted in Crow, B. and Lindquist, A.: 1990, Development of the 
Rivers Ganges and Brahmaputra: the difficulty of negotiating a new line, (DPP working paper 
No 19), The British Open University, p.l9. 
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10.4 The 1997 Watercourse Convention 

The 1997 UN Watercourse Conventions^ is the only watercourse convention that has 
global relevance. It was negotiated by almost every member of the international 
community including Bangladesh and India and was adopted by a vote of 103 in favor 
[including Bangladesh] to 3 against with 27 abstentions [including India and Pakistan] 
The Watercourse Convention was opened for signature on the same day and remained 
open for signature until May 20, 2000 (Article 34). It will enter into force on the 19th day 
following the date of deposit of the 35 th instrument of ratification, acceptance or accession 
with the UN Secretary General (Article 36). Pending its application as treaty law, some of the 
provisions of the 1997 Convention could still be applicable as reflective of established or 
emerging rules of customary international law.^^ 

The Convention sets forth the general principles and rules governing 
non-navigational uses of international watercourses in the absence of specific agreements 
among the States concerned and provides guidelines for the negotiation of future 
agreements.^^ Although it preserves existing agreements, it recognizes the necessity, in 
appropriate cases, of harmonizing such agreements [for example, 1996 Ganges Waters 
Treaty] with its basic principles."^® 

The 1997 Convention consists of seven parts containing 37 Articles: Introduction; 
General Principles; Planned Measures; Protection Preservation and Management; Harmful 
Conditions and Emergency Situations; Miscellaneous Provisions and Final Clauses. 

The ‘General Principles’ laid down in Part II of the Convention refer to equitable 
utilization of international watercourses, its relation with no-harm principle and the duty of 
co-operation."^^ Part III of the Convention sets forth the procedural principles concerning 
new projects as well as changes in existing uses and Article 33 of Part VI describes the 
dispute settlement procedures. Part IV of the 1997 Convention deals with protection 
preservation and management of the international watercourses. While discussing the 
above principles, this section takes into account the relevant ‘Statements of 



The title of the convention is ‘Convention on the Law of the Non-navigational Uses of 
International Watercourses.’ See the text of the 1997 Convention ‘m International Law Materials 36, 
700 (1997). 

MaCafffey, S.C., and Sinjela, M.: 1998, The 1997 United Nations Convention on International 
Watercourses, American Journal of International Law 92, 106. 

UN, GAOR, 5P‘ session, 99*^^ plenary meeting, 21/5/97, p.7-8. 

For a discussion on this point, see Part 10.4.6 below. 

UN Press Release, GA/9248, 21/5/97, ‘General Assembly adopted Convention on the Law of 
Non-navigational Uses of International Watercourses’. 

Article 3(1) and 3(2) of the 1997 Convention. 

McCaffrey, S.C. and Rosenstock, R.: 1996, The International Law Commission’s draft articles on 
international watercourses. Review of European Community & International Environmental Law 5, 
91 described the general principles as the ‘cornerstone’ of the Convention. 
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Understanding’ of the Sixth Committee Working Group'^^ and the commentaries of ILC to 
the draft articles it adopted in 1994."^^ 

10.4.1 EQUITABLEUnLIZATIONANDOTHERGENERALPRINCIPLES 

10.4.1.1 Equitable Utilization 

The principle of equitable and reasonable utilization is evaluated in the ILC’s commentary 
as a ‘well established rule of international law’ which defines ‘fundamental rights and 
duties of states’ with regard to the non-navigational uses of the international 
watercourses.^"^ Article 5(1) of the Convention requires a watercourse State to exercise her 
rights to utilize an international watercourse in an ‘equitable and reasonable manner’. The 
objectives are to attain ‘optimal and sustainable utilization’, to take into account the 
interests of other watercourse States concerned and at the same time, to ensure ‘adequate 
protection of the watercourse’ . This explanation of equitable utilization principle reflects a 
more recent development of international law on ‘sustainable utilization’ of natural 
resources. 

Article 6(1) contains a non-exhaustive list of factors to be taken into account in 
determining whether a utilization of international watercourse is equitable and reasonable. 
These factors include conservation, protection, development and economy of use of the 
water resources along with other long established factors: the natural condition of the 
watercourse, social and economic needs of the watercourse States, dependent population, 
effect of a use of the watercourse on other watercourse States, existing uses of the 
watercourse and available alternatives. The incorporation of conservation aspects of the 
watercourse and also of the ‘potential uses’ along with existing uses in Article 6(1) 
correspond with the provisions of Article 5 on sustainable use and adequate protection of 
watercourse. This enjoins the watercourse States with greater responsibility, which the 
Working Group considered to be appropriate in view of the recent development of the 
international environmental law."^^ 



During the elaboration of 1997 Convention, the Chairman of the Working Group took note of the 
‘Statements of Understanding pertaining to certain articles of the Convention’. These Statements 
were included in the Report of the Sixth Committee Working Group to the General Assembly. 
McCaffrey, S.C. and Sinjela, M.: 1998, supra note 28, p. 102, described these Statements as travaux 
preparatoires of the 1997 Convention. 

These commentaries appear in 1994 ILC Report, supra note 19. The legitimacy of invoking ILC 
commentaries is established by the Sixth Committee Working Group during its elaboration of the 
Convention. 

Para 1, commentary to Article 5, 1994 ILC Report, supra note 19, p.218. 

The Chairman of the Drafting Committee of the Working Group (in UN, GAOR, 51st Session, 
Sixth Committee, Summary record of the 24th meeting, 17/10/96, p. 4, para. 14,) recalled that the 
inclusion of the principle of sustainable development and the protection of the ecosystem in the 
Convention was proposed ‘in order to bring the draft articles more fully into line with contemporary 
international environmental law’. For the summary records of the Sixth Committee Working Group’s 
15th to 20th meetings on elaboration of Article 5-10 during the 51st session of the UN General 
Assembly, see UN Docs. A/C.6/51/SR. 15-20. 
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Article 6(3) denies any hierarchy among the factors, because of ‘the varying 
importance of the factors from one watercourse to another Article 6(2) requires 
watercourse States ‘to enter into consultation in a spirit of co-operation’ in cases where 
such consultation is needed for an equitable utilization or for determining the comparative 
importance of the factors relevant to equitable utilization. 

1 0.4. 1 .2 No-Harm Principle 

Checking harmful effects of a use of an international river has usually been regarded as one 
of the factors of equity."^^ The necessity of addressing harm- factor in a separate article was 
explained by the ILC in its comment that: “Article 5 [concerning principle of equitable 
utilization] alone did not provide sufficient guidance for States where harm was a factor”."^^ 

Article 7 of the 1997 Convention deals with the no-harm principle. It requires a 
watercourse State to ‘take all appropriate measures to prevent causing of significant harm’"^^ 
to other watercourse States. If significant harm, however, is caused. Article 7 requires the 
State causing such harm to give due in regards to Article 5 and 6 and to consult the affected 
State in order to eliminate or mitigate such harm and to discuss the question of 
compensation in appropriate cases. 

1 0.4. 1 .3 The Necessity of Procedural Duties 

While addressing the obligation of the no-harm principle and its relationship with equitable 
utilization, the 1997 Convention puts significant emphasis on the relevant procedural 
duties. 

First: As Article 7(2) provides, in cases where significant harm is caused, the 
obligation of the State causing such harm does not end on the ground that appropriate 
measures were undertaken for prevention of such harm. The post-harm obligation is an 
obligation of consultation with the affected State in which regards must be given to the 
provisions of Article 5 and 6. The purpose of such consultation is ‘avoiding significant 



Commentary to Article 6, 1994 ILC Report, supra note 19, p.232. 

Utton, A.E.: 1996, Which rule should prevail in international water disputes: that of reasonableness 
or that of no-harm. Natural Resources Journal 36, 641. 

Para 2, commentary to Article 7, 1994 ILC Report, supra note 19, p.236. 

The expression ‘significant harm’ was preferred by the ILC in its draft articles of 1994, although 
in the 1991 draft articles, it was ‘appreciable harm’. The Special Rapporteur of the ILC, 
Mr. Rosenstock, while sitting as an expert consultant during the elaboration of the Watercourse 
Convention by the Working Group, explained that the change from appreciable to significant was 
made only to avoid the possibility that in addition to substantial harm, trivial harms could also be 
measured by increased scientific and technological capacities and therefore may be confused with the 
term ‘appreciable’ meaning capable of being measured. He concluded: “As the Commission’s records 
made abundantly clear, the change from ‘appreciable’ to ‘significant’ had not been intended to alter 
the thresholds, but to avoid circumstances in which the threshold could be lowered to a clearly 
de minis level”. See, UN, GAOR, 51st Session, Sixth Committee, summary record of the 16th 
meeting, para. 35. 
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harm as far as possible while reaching an equitable result in each concrete case’. This 
indicates that equitable utilization cannot be implemented in isolation of addressing the 
harm factor. 

Second: The above requirement of effectuating a balance between Article 7 and 
Articles 5 and 6 entails further procedural duties in cases where consultation fails. As Para 
21 of the ILC commentary to Article 7 provides, ‘if consultations does not lead to a 
solution, the dispute settlement procedures contained in Article 33 will apply Thus the 
question of ascertaining the extent to which a harmful use is equitable can make it essential 
to make resort to dispute settlement procedures. 

The whole package indicates that Article 7 basically entails obligations of conduct 
rather than obligations of result. A watercourse State first has to take preventive measures 
and thereafter, if harm is caused, has to consult with the affected State for an equitable 
resolution and lastly if the consultation fails, has to enter into dispute settlement 
procedures for such resolution. 

10.4.2 PROCEDURALPRINCIPLESCONCERNINGPLAM^ffiDMEASURES 

Planned measures are defined as ‘new projects or programs of major or minor nature’ as 
well as ‘changes in existing uses of an international watercourse’.^^ The Convention 
incorporates a comprehensive set of procedural principles concerning planned measures. 

10.4.2.1 Exchange of Information 

Article 1 1 defines obligations of exchange of information concerning planned measures. 
Under this article, watercourse States are required to exchange information, consult and, in 
appropriate cases, negotiate on the ‘possible effects’ of planned measures on the 
condition of an international watercourse. These obligations are unconditional, and 
irrespective of actual effects of planned measures.^^ These are intended to avoid problems 
inherent in a unilateral assessment of the effects of planned measures. 

10.4.2.2 Notification 

Provisions concerning notification of planned measures define more specific obligations 
for enabling a potentially injured State to evaluate possible effects of planned measures by 
another State. As Article 12 requires, before a watercourse State implements planned 
measures which ‘may have a significant adverse effect’ upon other watercourse States, she 
shall provide such States ‘timely’ notification of the planned measures. Notification shall 
be accompanied by ‘available technical data and information including the result of any 
environmental impact assessment’. 



Para 1 of the commentary to Article 7, 1994 ILC Report, supra note 19, p.236, 

'' Ibid., p.244. 

Para. 4 of the commentary to Article 11, 1994 ILC Report, supra note 19, p.260. 
Para 3 of the commentary to Article 11, ibid, pp.259-260. 
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10.4.2.3 Consultation and Negotiation 

Article 16 and 17 deal with obligations that follow notification of planned measures. 
According to Article 16, if the notifying State does not receive any reply from the notified 
State, she can proceed with the implementation of planned measures subject to her 
obligation under Article 5 and 7. On the other hand, if the notified State communicates to 
the notifying State that the planned measures would be inconsistent with the provisions of 
Article 5 or 7, then according to Article 17(1), both States have to begin consultation and, 
if necessary, negotiation with a view to arriving at ‘an equitable resolution of the situation’ . 
Article 1 7(2) provides that consultation and negotiation have to be conducted on the basis 
that each State ‘must’ in good faith pay reasonable regard to ‘the rights and legitimate 
interests’ of the other State. 

The above principles had been addressed in the ILC as ‘indispensable adjunct to the 
general principle of equitable utilization’.^"^ Their significance lies in providing solutions 
ex ante rather than settlement of conflicting uses ex post. As noted by the Special 
Rapporteur of the ILC in its 39th session in 1987, in the absence of procedures, the principle 
of equitable utilization would operate only as a post hoc check on a State’s unilateral 
determination of her equitable share.^^ Consequently, ‘an equitable allocation would be 
achieved in many cases only by means of the process of claim and counter claim - and 
perhaps ultimate resort to third-party resolution - that could result from a State’s use of the 
watercourse’.^^ 

Thus the principles concerning planned measures basically lay down obligations 
proceeding to the actual dispute. These principles and Article 33 (concerning dispute 
resolution) appear to form an integral procedural framework for implementing equitable 
utilization of international watercourses. 

10.4.3 DISPUTE SETTLEMENT: COMPULSORY FACT-FINDING 

Article 33 contains dispute settlements procedures in order to respond to the ‘complexity’ 
and ‘inherent vagueness’ of the criteria to be applied for equitable utilization of 
international watercourses.^^ 

Article 33 provides for bilateral as well as third-party dispute settlement. Inclusion of 
provisions for third-party settlement was considered necessary in view of the limitations of 



McCaffrey, S.C., Second report, YILC, (1986), 11(2), p.l39, para 188. In his next report, the 
Special Rapporteur observed that ‘the very generality and elasticity of the equitable utilization 
principle requires that it be complemented by a set of procedural rules for its implementation. 
Without such rules, a State would often discover the limit of its rights only by depriving another State 
of its equitable share-probably without intending to do so’. For detail, see McCaffrey, S.C., Third 
Report, YILC, (1987), 11(1), pp.22-23, paras. 32-35. 

^^Ibid, pp.22-23, para. 33. 

Ibid. 

Para. 21 of the Commentary to Article 7, 1994 ILC Report, supra note 19, p.244. 
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bilateral efforts for a dispute settlement. Dispute settlement procedures can be invoked 
gradually: first bilateral methods, thereafter optional methods of third-party settlement and 
lastly, if optional methods are not agreed, a mandatory Fact-Finding Commission. 

10.4.3.1 Bilateral Settlement 

Article 33(2) requires the disputing States to enter into negotiation before making any 
effort for third party settlement. Negotiation has to be conducted in good faith and in a 
meaningful way for an equitable solution of the dispute. If negotiation fails, the 
watercourse States can make use of any existing joint watercourse institution established 
by them. Otherwise, the disputing States can make resort to the optional procedures of 
third-party dispute settlement. 

1 0.4.3 .2 Optional Third-Party Settlement 

Article 33(2) provides for optional procedures of third-party dispute settlement, which are 
as follows: mediation or conciliation by a third party or submission of the dispute to 
arbitration or to the International Court of Justice (ICJ). 

10.4.3.3 Mandatory Fact-Finding Commission 

Making resort to the methods of third-party settlement under Article 33(2) essentially 
depends on consent of all the States involved in the dispute. In contrast. Article 33(3) and 
33(5) make provisions for submission of a dispute to a Fact-Finding Commission, which 
can be established by any of the parties to a dispute. The purpose of such Fact-Finding 
Commission would be to facilitate resolution of a dispute through the ‘objective 
knowledge of the facts’. Article 33 put noticeable emphasis on Fact-Finding Commission 
by making detail provisions to explain the procedures concerning the appointment and 
functions of such a Commission. 

Some delegates criticized the provisions concerning Fact-Finding Commission in the 
Sixth Committee on the ground that such a Commission would only deal with factual 
aspects of a dispute and that its decision would not be binding on the Parties to the 
dispute.^^ These criticisms, however, appear to overlook that disagreement of the facts, 
which is very common in watercourse disputes and the objective facts are essential for 
ensuring the application of legal rules.^^ 



Rosenstock, R., the Special Repporteur of ILC, even proposed mandatory arbitration and judicial 
settlement of watercourse disputes. See Yearbook of International Law Commission 1994 (I), p.40. 
Para 2 of the commentary to Article 33, 1994 ILC Report, supra note 19, p.323. 
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10.4.4 PROTECTION AND PRESERVATION 

The 1997 Convention emphasized the needs for the sustainable use of the international 
watercourses and its adequate protection in a number of articles particularly in Article 5-7. 
Further to that, it devotes a whole Part (Part IV) in addressing the principles concerning 
protection preservation and management of the international watercourses. 

Article 20 of Part IV of the 1997 Convention requires watercourses states to act 
individually and in appropriate cases jointly to protect and preserve the ecosystems of 
international watercourses. The term ecosystem means an ecological unit comprising of 
living and non-living components that are interdependent and function as a community. 
The use of the term ecosystem is intended to refer only to the aquatic system, whereas 
environment could be construed to encompass areas surrounding and the outside of the 
watercourse.^^ 

The obligation to protect the ecosystems of international watercourses is a specific 
application of the requirement contained in Article 5 that watercourse states are to use and 
develop an international watercourse in a manner that is consistent with adequate 
protection thereof. In essence, it requires the watercourse states to shield the ecosystem of 
international watercourses from harm or damage.^"^ 

Article 21 spells out the obligation of protection of international watercourses by 
requiring the watercourse states to “prevent, reduce and control the pollution of an 
international watercourse that may cause significant harm to other watercourse States or to 
their environment, including harm to human health or safety, to the use of the waters for 
any beneficial purpose or to the living resources of the watercourse.” Article 23 provides 
for protection and preservation of the marine environment, including estuaries, taking into 
account generally accepted international rules and standards. 

Article 27 requires prevention and mitigation of harmful conditions related to 
international watercourses that may have an adverse impact on a co-watercourse states. 
Such conditions include severe environmental impacts from natural causes or from human 
conduct. 



10.5 A Comparison Between the 1996 Treaty and the 1997 Convention 

The 1997 Convention expects the contracting Parties to consider harmonization of existing 
agreements with its principles. A brief comparison of the contents of those principles with 
the provision of the 1 996 Treaty is outlined below for indicating the areas in which the 1 996 
Treaty may be reviewed. 
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First: Article 5(1) if read with Article 6(1) of the Convention put heavy emphasis on 
conservational aspects to ensure adequate protection of the watercourse while utilizing an 
international watercourse in an ‘equitable and reasonable manner’. This enjoins the 
watercourse States with greater responsibility, which the Working Group considered to be 
appropriate in view of the recent development of the international environmental law.^^ The 
preamble and the content of the 1996 Treaty contains nothing to indicate that adequate 
protection of the Ganges was taken into account in working out the sharing arrangement. 

Second: Article 7 of the 1 997 Convention deals with the no-harm principle. It requires 
a watercourse State to ‘take all appropriate measures to prevent causing of significant 
harm’^^ to other watercourse States. If significant harm, however, is caused. Article 7 
requires the State causing such harm to give due in regard to Article 5 and 6 and to consult 
the affected State in order to eliminate or mitigate such harm and to discuss the question of 
compensation in appropriate cases. 

Thus the Convention, by elaborating the post-harm obligation, has established a firm 
relation between equitable utilization and harm factor, which is not done in the 1996 Ganges 
Treaty. The 1996 Treaty fails to spell out that unlimited upstream diversion and the use of 
the Ganges water can not ensure adequate protection of the river which is an essential 
component of the equitable and sustainable utilization as explained in Article 5-7 of the 
1997 Convention. Article II of the 1996 Treaty only provides for applying the principles of 
equity and no-harm if the available Ganges flow falls below 50,000 cusecs at the agreed 
point of apportionent. For many years, Bangladesh and India agreed that the ‘historic flow’ 
at Farakka was inadequate to meet the requirement of Bangladesh and that of India as far as 
the question of operation of the Farakka Barrage was concemed.^^ In that context, it is 
difficult to argue that the very notion of sharing an unlimited lower flow (below 
50,000 cusecs), without investigating its uses in the upstream areas and without 
coordinating those uses, could properly reflect equity or the no-harm principle. 

Third: The 1997 Convention requires exchange of all relevant information on 
watercourse condition (Article 9) and on planned measures (Article 11) and adequate 
consultation between the watercourse States for determining and maintaining equitable 
utilization. Comprehensive application of these provisions would, therefore, require India 
to consult with Bangladesh regarding all the upstream projects on the river Ganges. But 



The Chairman of the Drafting Committee of the Working Group (in UN, GAOR, 51st Session, 
Sixth Committee, Summary record of the 24th meeting, 1 7/10/96, p.4, para. 14,) recalled that inclusion 
of the principle of sustainable development and protection of ecosystem in the Convention was 
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environmental law’. For the summary records of the Sixth Committee Working Group’s 15 th to 20th 
meetings on elaboration of Article 5-10 during the 51st session of the UN General Assembly, see 
UN Docs. A/C.6/51/SR. 15-20. 
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(under Article I, II, and IV) the 1 996 Treaty provides the exchange of information relating 
only to the projects at Farakka and more downstream areas and for consultation apparently 
on the basis of such information.^^ The necessity of exchanging information on the river 
condition and on the new or existing uses of the Ganges water above Farakka, and holding 
consultation about the effects of those uses on the water availability at Farakka has not 
been reflected in any provision of the 1996 Ganges Treaty. Therefore, the 1996 Treaty can 
be said to have represented only a partial reflection of the procedural requirements of the 
1997 Convention. 

Fourth: The Convention requires the watercourse States to settle their dispute by 
bilateral negotiation and, if it fails, by third-party procedures which may include a 
mandatory Fact-Finding Commission. But Bangladesh and India have failed to make any 
provision of third-party dispute settlement in the 1996 Treaty. Consequently, in regard to 
issues like defining and mitigating economic and environmental harm, adjustment of the 
sharing arrangement during review meetings, sharing of below 50,000 cusecs water or 
interpretation of the Treaty, conflicts between the two States can lead to a long lasting 
deadlock. 

Finally, the 1996 Treaty is completely silent on environmental and conservational 
provisions, which are laid down in detail in the 1997 Watercourse Convention. The 
underlying purpose of environmental provisions of 1997 Convention, particularly of its 
Part IV is to protect the watercourse itself, an obligation which may include protecting the 
aquatic bio-diversity, ensuring their growth and regeneration and halting the climate change 
process that may be caused by drying up of a river. The 1996 Treaty appears to have taken 
into account only the economic aspects of the Farakka Project, not the environmental 
aspects of that project or further upstream projects. 



10.6 Customary Rules in the 1997 Convention 

Further to the expectation the 1 997 Convention expressed for harmonization of the existing 
agreements with its provisions, another reason for taking those provisions into account 
lies in their potential customary legal status. 

The 1997 Convention is based on the draft articles the International Law Commission 
adopted in 1994.^^ As a product of ILC’s study, these articles represent the ‘codification 
and progressive development’ of international law of the non-navigational uses of 
international watercourses.^® This has been confirmed in paragraph 2 and 3 of the preamble 
of the 1997 Convention. If we take into account the meanings of ‘codification’ and 
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216 



Md. Nazrul Islam 



‘progressive development’, as they are explained in the Statute of the ILC, the 1997 
Convention can be said to have incorporated both some existing or emerging rules 
(codification) and developing principles of international law (progressive 
development).^^ The ICJ in a number of cases^^ recognized this dual utility of multilateral 
Conventions. This recognition provides authenticity to a suggestion that some of the 
provisions codified in the 1997 Convention may be applicable to the Ganges case as 
customary international law. Other principles, which represent progressive development of 
law, may, over time through uniform and constant state practice, enter into the realm of 
customary international law. 

The ILC, as its usual practice, did not specify which of the provisions of the 1 994 draft 
articles are ‘codification’ of law and which provisions are ‘progressive development of 
law’ . However, the commentaries, which the ILC made to the draft articles of 1 994 and which 
the Sixth Committee Working Group invoked during negotiation of the 1997 Convention, 
made some valuable indications as to the status of the principles enshrined in the articles. 
In the light of those commentaries, it is possible to indicate the provisions of the 1997 
Conventions, which may be considered as existing or emergent customary rules. 

While making commentaries to the draft articles, the ILC used various phrases like 
‘established rule of international law’, ‘basic rule’, ‘well established rule’, ‘general 
obligations’ which are indicative of their status as rules of customary law. In the context of 
Ganges case, we would here focus only on the principles of equitable utilization, no-harm 
and the procedural principles. 

a. As regards Article 5 on equitable utilization and participation, the ILC commentary 
provides that this article sets out ‘the fundamental rights and duties of States’ and that one 
of the ‘most basics’ of these is the ‘well-established rule’ of equitable utilization which is 
‘complemented’ by the ‘principle’ of equitable participation.^^ The ILC observed that ‘all 
available evidences of the general practice of States, accepted as law, in respect of the 
non-navigational uses of international watercourse ... reveal an overwhelming support for 
the doctrine of equitable utilization as a general rule of law’. It is thus obvious that 
equitable and reasonable utilization of international watercourses is existing rule of 
customary law. 



As Article 15 of the ILC Statute (quoted in Harris, 1998, Cases and materials on international law, 
66) provides, ‘progressive development’ of international law means ‘the preparation of draft 
conventions on subjects which have not yet been regulated by international law or in regard to which 
the law has not yet been sufficiently developed in the practice of States’, and ‘codification’ means 
‘the more precise formulation and systemization of rules of international law in fields where there has 
already been extensive State practice, precedent and doctrine’. 

^^For example. North Sea Continental Self cases, IJC: 1969, International Court of Justice Reports, 
31-41; Military and Paramilitary Activities case, ICJ Reports, (1986), 194. On multi-lateral treaties 
declaratory or constitutive of customary law, see, Baxter, R.R.: 1970, Treaties and Custom, Recueil 
Des Cours 129(1), 37-74. 
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b. According to the ILC commentary, the no-harm principle enshrined in Article 7 sets 
forth the ‘general obligation’ for watercourse States and such obligation is reflected in 
various international conventions and treaties7^ The relationship of this obligation with 
the equitable utilization principle raised controversy in the Working Group meetings and 
consequently, a vote was conducted there on the package of Article 5, 6 and 7. These 
Articles were adopted by 36 votes in favor, 4 against and 22 abstentions^ But as it was 
reflected in the statements of objecting and abstaining States at the day of adoption of the 
1997 Convention, the reservations about the package of the above three articles were 
mostly concerning the extent to which equitable utilization should allow harmS^ 

c. The 1997 Convention does not provide any rigid formula for implementation of 
equitable utilization or for assessing the extent to which infliction of harm would be 
equitable in each particular case. It requires the watercourse States to comply with 
procedural principles for determination of that question. In this respect, as the ILC 
commentaries provide, regular exchange of data and information on the watercourse 
condition is ‘the general minimum requirement’,^^ data and information supply on new uses 
or on changes in existing uses amounts to ‘general obligation’ notification of new project 
is ‘embodied’ in various sources of state practice,^^ consultation is ‘required in similar 
circumstances’ in international instruments and decisions.^* Among dispute settlement 
provisions, negotiation in good faith and in a meaningful way is ‘a well-established rule of 
international law’, ^^fact-finding has received ‘considerable attention by States’ whereas 
other methods of third-party settlement are optional in the text of Article 33.^^ 

The ILC commentaries thus suggest that: a) equitable utilization and the no-harm 
principles are ‘established’ rules of international law. However, the major changes made by 
the ILC as well as by the Sixth Committee in the definition of the relationship between these 
principles indicate that the customary nature of this relationship has not been 
well-established; b) the principle of negotiation for dispute settlement is an established 
rule. ILC commentaries are not that much specific about the customary status of principles 
of notification, information exchange and consultation. As these principles are inevitably 
related to the obligation of negotiation, they may well be regarded as ‘general rules’ whereas 
the principle of establishing Fact-Finding Commission is merely in a formative stage; c) the 
obligation to protect and preserve the ecosystems of international watercourses has been 
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construed as general obligations of international law in the ILC Draft^"^ and could therefore 
merit to be considered as rules of emerging or established principle of international law. 

It is, however, argued by some writers that the failure of the convention to achieve a 
minimum of 35 ratifications (that are needed for its entry into force) is indicative that it may 
not have actually codified customary international law (CIL).^^ This argument can be 
rebutted by the mere fact that the development of CIL depends more on the degree to which 
states have embraced the principles contained in a convention over time than on the 
number of ratification of its whole text. The principle of equitable utilization, no-harm and 
prior notifications have been widely endorsed in state practice and judicial decisions as 
demonstrated by the ILC and the Sixth Committee of the UN in their extensive 
deliberation.^^ More recent examples of supportive state practice include the 1992 UN/ECE 
Convention on the Protection and Use of Transboundary Watercourses and International 
Lake, the 1995 SADC Protocol on Shared Watercourse Systems, the 1995 Mekong River 
Treaty and the 1991 Protocol on Common Water Resources concluded between Argentina 
and Chile. The presence of similar provisions in some global environmental treaties like the 
1972 Ramsar Convention and the 1992 Biodiversity Convention renders further 
authenticity to the customary status of the principles of equitable utilization, no-harm and 
prior consultation. 



10.7 Global Environmental Conventions and Soft Law Instruments 

Bangladesh and India are parties to a number of global environmental conventions, which 
are potentially applicable to the shared natural resources. Among them the Conservation 
of Wetland of International Importance (commonly known as Ramsar Convention) aims to 
stop the progressive encroachment on and loss of wetlands. Article 1.1 defines wetlands 
as the components of natural inland water systems that include rivers too.^^ 

10.7.1 RAMSARCONVENTION 

Article 5 of the Ramsar Convention requires the contracting parties to consult each other 
about implementing obligations arising under the Convention in respect of transboundary 
wetlands, shared watercourses and coordinated conservation of wetland flora and fauna. 
Such obligations include designating suitable wetlands for inclusion in the list of wetlands 
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of international importance and to promote the conservation of listed wetlands. It may be 
mentioned here that the Sundarbans forest wetland that is situated along the estuaries of 
the Ganges is a Ramsar Wetland and therefore its conservation and anything affecting its 
conservation (like the Ganges diversions) requires consultation between Bangladesh and 
India under the above provisions of the Convention. 

1 0.7 .2 CBD AND OTHER CONVENTIONS 

The Convention on Biological Diversity (CBD) goes beyond Ramsar by laying down the 
general rule that national sovereignty over natural resources is qualified by the obligation 
not to cause transboundary environmental harm. In a provision reminiscent of Article 2 of 
1992 Rio Declaration, Article 3 of CBD provides that “States have, in accordance with the 
Charter of United Nations and the principles of international law, sovereign rights to exploit 
their own resources pursuant to their own environmental policies, and the responsibility to 
ensure that activities within their jurisdiction or control do not cause damage to the 
environment of other states or of areas beyond the limits of national jurisdiction.” 

The principle is of fundamental importance to international rivers and shared water 
systems as “damaging activities upstream frequently degrade the inland or coastal waters 
of downstream states”. Article 5 of the CBD require Parties, “as far as possible and as 
appropriate”, to cooperate for the conservation and sustainable use of biodiversity in 
respect of areas beyond national jurisdiction and on other matters of mutual interest.^^ It is 
difficult to argue that the 1996 Ganges Treaty has reflected Article 3 and 5 of the CBD by 
making a limited and faulty arrangement for sharing of the Ganges River. 

Provisions for preventing and mitigating harm related with the utilization of shared 
water systems are also found in a number of conventions including the 1992 Framework 
Convention on Climate Change and the 1994 Convention on Desertification.^^ 

10.7.3 SOFT LAWINSTRUMENTS 

A number of ‘soft law’ instruments concern sustainable use of the shared natural 
resources including transboundary waters. Article 19 of Draft International Covenant on 
Environment and Development reflect a general obligation in international law to protect 
the quality and quantity of water for anthropocentric (basic human needs) and eco-centric 
(aquatic ecosystems) purposes.^^ Para 7 of the preamble of the Final Declaration of the 
international Conference on Water and Sustainable Development, Paris, 21 March 1998 
provides that constraints on access to water, in terms of quality and quantity, could 
become a major limiting factor in sustainable development. 
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Other provisions include careful and appropriate management of natural resources in 
principle 2-4 of the Stockholm Declaration, safeguarding the co-existing eco-systems or 
species in principle 4 of the World Charter for Nature, Protection of quality and supply of 
freshwater resources is in Chapter 18 of Agenda 21. The need to protect and preserve the 
ecosystem of international watercourses is also recognized in the work of many other 
international organizations, conferences and meetings.^^ 



10.8 Conclusions 

It is somewhat obvious from our foregoing discussions that the environmental aspects of 
the upstream utilization of the Ganges River have hardly been addressed in the 1 996 Treaty 
between Bangladesh and India. But that should have been done long before in view of the 
special features of rivers as complex ecosystems. 

Rivers encompass various components of ecosystem, each with its own ecological 
characteristics and associated flora and fauna. These range from fast flowing mountain 
torrents to slower water downstream, estuarine habitats such as mangroves, and river 
related wetlands like riverine marshes and alluvial forests. Therefore, as an lUCN study 
noted: “the conservation and restoration of wetland area and biodiversity along a river 
depends on the maintenance of essential ecological processes, such as periodical floods, 
minimum water flows and specific rates of sediment transport. These processes are often 
modified, notably by activities upstream that can have far reaching consequences on the 
state of downstream ecosystems’’.^^ 

The 1996 Treaty, by limiting itself only to a single upstream project, has failed to 
comprehend those far reaching downstream effects. It has also disregarded the necessity 
of protection and preservation of the Ganges River, particularly at the downstream areas, 
for allowing it to perform its essential functions like maintaining river-related wetlands, 
checking saline intrusion, supporting dependent flora and fauna.^^ In drier periods of the 
year, the Treaty could even fail to ensure economic use of its water in Bangladesh. 

It is therefore essential to review the Treaty in light of the provisions of the 1997 
Watercourse Convention and relevant global environmental instruments. The review should 
address, among other things, the following issues i) in order to ensure protection of the 
river, a guaranteed release, to the downstream of Ganges, of a minimum amount of water in 
the driest periods of every year, ii) the necessity of exchanging information and holding 
consultation on the use of the Ganges water in the upstream areas above Farakka Point, 
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iii) complying with the procedural obligations regarding any new planned measures 
concerning the utilization of the Ganges water, iv) considering measures to mitigate 
pollution of the Ganges water caused both by the change in the quality and quantity of 
water, v) strengthening the dispute settlement procedure by fixing the time limit and 
involving the service of third-parties, vi) providing for mandatory review of the Treaty for 
making any other necessary and timely adjustments. 

The inadequacy of the Ganges Treaty also demonstrates the desirability of relying on 
the 1997 Convention in conducting negotiations for sharing the waters of other common 
rivers of Bangladesh and India. Instead of disassociating themselves from the common 
practice, these two states should rather contribute to the strengthening of customary 
principles reflected in the 1997 Watercourse Convention. 
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11.1 Introduction 

The environmental impacts caused by the water diversion at Farakka Barrage are 
significant. In the last five decades it has generated a lot of debates among politicians, 
bureaucrats, academics and has affected dwellers of lower catchment areas of the Ganges 
River. The Farakka Barrage was built primarily to serve the twin purpose of regulating the 
amount of Ganges (Ganga) water to flow out from the Indian territory into Bangladesh 
(erstwhile East Pakistan); and to ensure that sufficient water (as much as 1,134 mVsec or 
40,000 ftVsec) could be diverted to the Bhagirathi-Hooghly River through a feeder canal to 
enable regular flushing of silts at Kolkata Port. This arrangement has tangled the Farakka 
Barrage often in controversy as India and Bangladesh have been disagreeing over the 
sharing of the Ganges water between the two countries. In the recent past, some efforts 
have been made to resolve this contentious dispute between the two nations, including the 
signing of a 30-year Ganges Water Treaty (see Annex I), but no serious thoughts have 
been granted or furnished to reach a meaningful and lasting solution to the problem. 

By and large, the media has failed to draw the attention to the crux of the problem of the 
Farakka Barrage, both in India and in Bangladesh. On the other hand, the world press 
particularly the Western media is not completely aware of the complex nature of the 
hydro-meteorological dynamics of the Ganges basin and the impacts of the Farakka 
Barrage on the environment both in India and in Bangladesh. In fact, the multiple natures of 
impacts of Farakka have not been addressed in a cohesive manner by any media. Even the 
debates that have been generated do not include all the issues like its impact on land, flora 
and fauna, soil fertility, displacement of population, migration of human resources, 
agriculture, degradation of arable land, incursion of saline water, degradation of the 
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Sundarbans mangrove forest, seasonal demise of rivers and many other quantifiable and 
un-quantifiable environmental issues. In most of the cases, the media is unaware of all the 
issues. The use and pollution of the Ganges water remains unclassified. The responsibility 
of the media, in this regard remains unexplored. Other than the diversion water of the 
Ganges at the Farakka point, Uttar Pradesh and Bihar states in India also withdraw 
enormous amounts of water (see Chapter 1). These two states also contribute to the 
extensive pollution of the Ganges water. Industrial effluents, sewage residues and residues 
of the fertilizers and pesticides used for farming on both the banks of the Ganges 
aggravates the pollution of water (Box 11.1). 

In fact the Farakka Barrage has aggravated the situation that has wreaked havoc in the 
lives of a large number of people both in Bangladesh and in India. Although politicians and 
policy makers have not succeeded in resolving the issue permanently, this has resulted in 
a failure to assure the suffering masses of a promising future by augmenting the flow of the 
Ganges and restoring the ecosystems. As such the media is lagging behind in this 
particular issue. 

The media, both print and electronic, have not always played their logical and 
responsible roles in making people aware of the effects of the barrage as well as the ways 
to minimize the affects. In many occasions, they have often failed to maintain neutrality and 
objectiveness, which is vital for the newsmen in their quest to find ‘truth and nothing else’ . 
The media of both the countries have not been always able to put the interest of the people 
in front of ‘other interests’ . If we look back to the performance of the media throughout the 
previous decades, it will dawn on us that the media could have actually done more than 
they have done on the ground. Even the news coverage of the greatest protest against the 
Farakka Barrage i.e. the long march led by Moulana Abdul Hamid Khan Bhashani 
( 1 886- 1 976) on May 1 6, 1 976 had a more political tone, while the threat of the barrage on the 
environment remained out of focus at that time. The media even failed to carry forward the 
spirit of that long march. Furthermore the Indian media is more or less self-censored in 
bringing into focus the impacts of the Farakka Barrage. The Indian media - both electronic 
and print, seldom bring or have brought the issue of Farakka into focus. They could have 
played a better role than they have been playing regarding the Narmada Dam, the 
inter-state water-sharing problems in Tamil Nadu, Kerala in India and the other inter-state 
water related conflicts as well as the Kosi High Dam in Nepal. Even the Indus water-sharing 
problem (Box 1 1 .2) between India and Pakistan, which was resolved with the intervention 
of the world’s donor community, has never been drawn on as a plausible unique example of 
settling the conflict over Farakka. Sharing of water of Colorado River and Rio De Grande 
River between the United States and Mexico could be a good example for the sharing of 
water of the Ganges between India and Bangladesh. But the media could hardly bring those 
issues into focus to generate palpable interests among the policy makers and politicians of 
the two countries to settle the dispute for the greater interests of the people and the 
environment of both countries. 
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Box ILL Pollution problem of the Ganges River 

''The Ganga, especially is the river of India, beloved of her people, round which 
are intertwined her memories, her hopes and fears, her songs of triumph, her 
victories and her defeats. She has been a symbol of India 's age-long culture and 
civilization, ever changing, ever flowing, and yet ever the same Ganga . '' 

[Cited in http://www.artnetwork.com/GangaMa/ganges/]. 

> Jawaharlal Nehru, First Prime Minister of 
India, bom in Allahabad on the Ganges. 

In the last five decades, Jawaharlal Nehm’s dream river has significantly 
transformed. Due to the serious pollution problem of the Ganges, bathing in and 
drinking the river’s water has become very dangerous. The main source of the 
pollutants is the 29 cities, 70 towns and thousands of villages along the banks of 
the Ganges. Apart from raw sewage, industries are also major polluters, especially 
the leather industry located near Kanpur, from which chromium and other 
hazardous chemicals leak into the river. Inadequate cremation procedures result in 
partially burnt or unbumt corpses floating in the Ganges. 

All of the raw sewage from the urban centers, over 1.3 billion liters/day, goes 
directly into the river. An estimated 6 million tons of chemical fertilizers and 
around 9,000 tons of pesticides are added to the Ganges water each year. The 
coliform (measure human/animal bacteria) was accounted for in the Ganges and 
were found in some places to be 140,000/100 ml, 23,000/100 ml and 43,000/100 
ml against 500/100 ml of water which is considered to be safe for bathing and 
recreational uses. The Bio-chemical Oxygen Demand (BOD) in some places along 
the Ganges had measurements of 36, 75 and 64. The recommended BOD level 
should not exceed 3. 

In 1985, the Indian government launched a plan to clean the Ganges River, 
called the Ganga Action Plan (GAP). Until 2001, the project has met only 39% 
of its primary target for sewage treatment. Half of the grossly polluting industrial 
units have installed effluent treatment plants, and over 18% of them did not 
function properly. One of the major flaws of the GAP is exclusion of Nepal in the 
upstream reach of the Ganges from the clean up program 



11.2 Reflection of Farakka in the Media 



The history of the Farakka Barrage has been a long one since its completion with the direct 
financial aid of the United States Agency of International Development (USAID), the 
structure of which was completed as early as 1971, though it was commissioned in 1975 
with the completion of the feeder canal, which diverts water to the Bhagirathi-Hooghly 
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River. The way in which the conflicts over the water-sharing issues throughout the world 
have been focused in the various types of media, the Ganges issue has been dealt with a bit 
differently. The world has got about 250 water-sharing agreements worldwide. Conflicts 
between Hungary and Czech Republic, Czech and Slovakia, the Middle East, Mekong River 
comprising of five countries, the several agreements between Canada and the USA, USA 
and Mexico and the many others, could hardly be refereed to the issues dealt with by the 
countries in South Asia. The media, which could initiate constructive debates, hardly 
refers to the principles of those agreements. Access to information, sometimes, is thwarted 
due to the lack of knowledge of the media professionals and due to the availability of 
information, which is also sometimes selective. 



Box 11.2. The Indus water-sharing problem 

The Indus System of Rivers comprises of three Eastern Rivers (the Sutlej, the 
Beas and the Ravi) and three Western Rivers (the Indus, the Jhelum and the Chenab). 
During the partition of India in 1947, the boundary line between the two newly 
created independent countries i.e. Pakistan and India were drawn right across the 
Indus Basin, which left Pakistan as being the lower riparian. Moreover, two 
important irrigation head works on Ravi and Sutlej Rivers on which the irrigation 
canal supplies in Punjab (Pakistan) were completely dependent and were left in 
the Indian Territory. A dispute thus arose between two countries regarding the 
utilization of irrigation water from the existing facilities. Negotiations were held 
under the good offices of the World Bank in order to raise the resources 
required for the watershed development. It organized a consortium of donors, 
and they raised close to US$ 900 million, in addit ion to India’s commitment of 
US$ 174 million. The Indus Water Treaty was signed in Karachi on September 
19, 1960 and the government rat ifications were exchanged in New Delhi in 
January of 1961. The Treaty however has been effective since April 1, 1960. 



Since its’ commissioning, the environmental cost of the Farakka Barrage is very high. 
However, in the political circle in India, people are generally not willing to concede the fact 
that the barrage has caused irreversible harm to the environment and to society, not only 
in the downstream of Bangladesh, but also in India itself. One can hardly find any 
story/report on the adverse effects of Farakka, except the press statement of the agitating 
groups in India who sometimes stage demonstration against the barrage. The restoration 
of the navigability of the Kolkata Port was essential as it is the transportation channel of 
commodities for the Eastern part of India. India needs it both for political and economic 
reasons as there are no easy transportation modes available to transport imported goods 
and goods from its Western part to the Eastern part. Observing India’s intention, the 
central government of Pakistan at that time, took an initiative (after India’s successful 
negotiation of the sharing of water of Indus basin, ignoring the emerging threat from 
Farakka) started negotiation with India about the commissioning of the Farakka Barrage. In 
April of 1970, an agreement signed between India and Pakistan in Geneva, which contained 
that ‘India would not commission Farakka before signing the Ganges water-sharing 
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agreement with Pakistan’. But many journalists both in Bangladesh and in India did not 
know this fact and were unaware of the agreement, and these issues altogether were 
ignored by India. For this reason, it might be considered as a cost of independence of 
Bangladesh in 1 97 1 . Reference of that event has never been seen in any media. 

Bangladesh since the 1977 Ganges Water-Sharing Agreement (see Annex I) started 
speaking loudly about the ‘Helsinki Rules on the Uses of the Waters of International 
Rivers’ (see Chapter 1 0), while the media, which was ignorant about Helsinki rules, wrote in 
favor of that. But later it was revealed that the Helsinki protects the rights of the Upper 
Riparian and the issue was dropped. The media did not develop its own resources on one 
side, and on the other side, media experts did not get the accurate information from any of 
the other sources. The subject wise knowledge of the media, which used to reflect about 
the impact of Farakka in Bangladesh, also was not usually accurate and as such, people 
many times, had been subjected to misinformation. The environmental journalists in 
Bangladesh depend more on the information supplied by the concerned authorities, for 
example, the Indo-Bangladesh Joint Rivers Commission, the Ministry of Water Resources 
and the Bangladesh Water Development Board (BWDB). For political and bilateral 
diplomatic reasons, information is often compromised. For example, when the sharing 
arrangement of the Ganges Water Treaty failed in the dry season of 1997, concerned 
authorities in Bangladesh kept the media in the dark and in many occasions it was 
concealed. The government imposed a ban on the release of the dry season discharge data 
of the Ganges River at Hardinge Bridge. Sometimes the academics and experts had to 
engage in drawing analogies on the basis of the data provided, and on occasion, the ones 
who are supposed to be the sources of the media are also hoodwinked about the data. 

11.2.1 PRINTMEDIA 

The print media however is a bit advanced in reporting on the impact of Farakka, both in 
India and in Bangladesh. Almost all the newspapers in Bangladesh except a few report 
about the adverse effects of the Farakka Barrage almost regularly. In India we find regular 
articles in Frontline^ The Hindu, The Telegraph, The Statesman, The Asian Age and many 
other important newspapers on the affects of Farakka. The people at the downstream of 
Farakka within the Indian part suffer a lot in terms of extensive erosion (see Chapter 4 and 
Chapter 12) due to Farakka. In the upstream areas of the Malda District of West Bengal, 
close to the barrage are inundated by flooding, which has been occurring regularly since 
the commissioning of the barrage (see Chapter 3). Many newspapers in West Bengal failed 
to maintain neutrality in covering these news items and the analytical reports on the effects 
of the Farakka Barrage. For example, the Ananda Bazaar, a leading Bengali daily of West 
Bengal, India hardly reports about any negative effects of the barrage. Seldom they project 
the agitation of the farmers in West Bengal, who raise their voices about the problem of 
Farakka on their agriculture and the environment. Independent writers also published 
scores of articles on the Farakka and the Ganges water-sharing. Among them Sunil Sen 
Sarma, S.C. Mazumdar, K.K. Framji, B.G Verghese and K.R Mathrani, though had written 
many articles on Farakka in the eighties and the nineties did not produce that much thoughtful 
ideas. However, Bhavani Sen Gupta, Ramaswamy R. Iyer and Jayanta Bandyopadhyay in 
India tried to analyze the issues more or less from the right perspective. 
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No one in Bangladesh has or is consistently writing about the issue. The experts who 
understand the subject generally maintain a very ambivalent attitude in describing the 
detail of the impact of Farakka. The “ifs and buts” are used enormously, which sometimes 
make it difficult for the common people to understand. The level of accuracy in reporting 
was very low, while the analytical articles mostly depended on the hearsay without field 
level verification or an in depth study. Field studies are often constrained by the availability 
of resources and the lack of training provided. There was no informative reaction on any 
issue. The Secrecy Act of the British colonial period (modified in 1980) is still in practice 
and the dissemination of information is obstructed by this Act* . As per the provision of 
this Act the concerned authorities in the administration cannot furnish any information 
freely. In many cases the authorities are again handicapped on this issue as divulgence of 
information contrary to the prestige of the political power is highly discouraged in many 
ways. On many occasions such divulgence may be slur as it is taken as ‘whistle blowing’. 
This may be subject to punishment . 

However the Frontline of India, Water Nepal and Himal South Asia of Nepal and The 
Holiday, The Ittefaq, The Inquilab and The Asia Pacific Journal on Environment and 
Development (Figure 11.1) of Bangladesh are noteworthy magazines, newspapers and 
journals which may be mentioned for their positive role in creating awareness among the 
academics, researchers, policy makers and politicians about the water resources, amidst 
the limitations. 



11.2.2 ELECTRONIC MEDIA 

The electronic media (radio and television) hardly reflect the effect of Farakka, but they do 
cover the public speeches/statements by the political leaders in power on the Farakka 
issue. The issue is totally neglected in the Indian electronic media. In India and Bangladesh, 
the electronic media was government controlled, so media professionals were unable to go 
beyond the official dictum. When the media started working in the private sector then the 
subject wise dearth of knowledge of the concerned media personalities, lack of interests on 
this issue and political barriers created problems to come out of the limitation. The political 
reasons were paradoxical. In India the issue was related to foreign policy as the media 
maintains a totally self-censored posture and nothing can go on the air without briefing 
from the government. India maintains a cohesive common strategy to give publicity to any 
matter concerning foreign relations. Farakka is treated as a highly sensitive issue 
concerning the Indian foreign policy. So India’s electronic media remains totally loyal to its 
governments’ instructions. In Bangladesh the matter was different. The water-sharing 



' Government of Bangladesh recently stated that the Official Secrecy Act was being reviewed for 
ensuring free flow of information. 

^ Article 39 of the Constitution of Bangladesh guarantees freedom of expression, but a guarantee 
clause in the Constitution is not an absolute guarantee. Article 39 says “freedom of expression is 
guaranteed” subject to “any reasonable restriction imposed by the law” of national security, friendly 
relations with foreign states, public order, decency or morality, or in relation to contempt of court, 
defamation or incitement to an offence. 
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issue is generally treated as a national interest. Private sector electronic media is often 
highly critical of the governments’ policies towards water diplomacy. 
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11.2.3 INTERNETRESOURCES 

The internet has revolutionized information availability, sharing and its uses. In recent 
days, the internet plays an important role in disseminating information from breaking news 
to classroom lectures. As technology is reaching the common mass even in the developing 
countries at a faster rate, people are becoming more and more aware of the developments 
that are occurring across the world. Water-sharing is one such issue that has received an 
extensive coverage in the internet. Case studies on water-sharing problems of major 
international river basins are now readily available. The developments are being regularly 
updated. The Ganges water-sharing problem is well covered in the internet. However, most 
of the available information are concerns from Bangladesh and some of the analyses that 
have been conducted are not from a neutral point of view. In addition, there is no 
information available on the problem in the official government of Bangladesh website 
(http://www.bangladeshgov.org/). However, in the website of the Indian Ministry of Water 
Resources (http://wrmin.nic.in), a short section entitled ‘Tndo-Bangladesh Cooperation” 
focuses only on the water-sharing issue. The issues related to the environmental problems 
are broadly absent. However, the erosion problem in the upstream and downstream of the 
Farakka Barrage and the government interventions are described in the Annual Report 
2002-2003 which can be downloaded from the website. Selected websites and categories of 
information are presented in Table 11.1. 



11.3 The Role of Media 

In recent times, the media has become an integral part of our lives. Most of our ideas and 
conceptions are constantly shaped and reshaped by the media. It will not be an 
overstatement to say that we are living in the shadows of media and most of what we do 
and will do depends on what the media want us to do. This is because: 

Firstly, the media informs and helps us keep a watch on our world. They serve a 
surveillance function by working as our eyes and ears. Thus, to be precise, they are our 
windows to the wide world and nowadays, we simply cannot do without the media. 
Secondly, the media sets our agenda and helps structure our lives. They do this by 
deciding what stories are given coverage in newspapers and magazines and what programs 
are aired on the radio and television. In addition, the mass media schedules what we talk 
about and what we think about, in other words, our conversations tend to be 
media-current. Thirdly, the media is used to persuade us and to benefit the originators of 
their messages. Thus, the media provides platforms for idea and product advocates. It is 
their ability to persuade and sell so effectively that sustains and nourishes most of our 
media. 




ILL Internet resources on the Ganges water diversion 
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http://pib.nic.in/archieve/lreleng/l0499/rl20499.html The Union Minister for the State for Agriculture and 

Water discussing ways to cooperate. These are the 2 
problems that relate to the Feeder Canal of the 
Farakka Barrage Project. 
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.eng-consult.com/arsenic/article/meerarticle8.html Discusses the isotope of hydrology of ground water 

in Bangladesh. 
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So far both the print and electronic media have been seriously underachieved in their 
undertakings regarding the Farakka crisis. Different Bangladeshi media have long been 
portraying the sufferings and affliction of the affected people through reports, news, views 
and photo exhibitions. But there has been little or no concerted effort to make this a 
meaningful and effective move, which has the potential to change the scenario on the 
ground. There have been little interactions among the media experts of India, Bangladesh 
or Nepal. But their joint effort to initiate a broad dialogue involving policy makers, experts, 
civil societies, academia and grassroots of people could help solve the problem of water in 
the Ganges basin. 

State imposed restrictions to deter media to unveil the real situation, is not helpful at all 
either for the government or for the common mass. For example, visiting the Farakka 
Barrage site and the adjacent area by any foreign journalists used to be considered as 
taboo in a section of Indian officials. As of now none of the journalists from Bangladesh, 
who are aware of the issue, could visit the area to see for themselves the construction of 
Farakka, to form a true idea about the functioning of the barrage. Still newspapers in 
Bangladesh to the utter surprise of the knowledgeable source write during the monsoon, 
‘all 1 04 gates of Farakka have been kept open, which have inundated Bangladesh’ . In fact, 
these gates are used to control the river flow during the dry season to divert water, while 
during the monsoon they remain open. Most of the journalists and even some editors of 
the newspapers are not aware of this water control mechanism of the Farakka Barrage in 
Bangladesh. These are the results of the disconcerted and uncoordinated efforts. These 
kind of things have made little or no mark in their original pursuit to minimize impacts 
resulted from water diversion and eventually the sufferings of the common people. 

The problem, which has now become an integral part of the mindset of the Bangladeshi 
people, has been portrayed in the country’s literature in the forms of poetry, fiction, short 
films, etc. Different writers have often attempted to reflect and represent the problem of 
Farakka and its dire consequences in the livelihood of innumerable people of Bangladesh 
from time to time, but here also, the efforts are uncoordinated and few and far between. 
Among those literary endeavors, Selina Hossain’s Chandbene is an outstanding literary 
work (Box 11.3). Another important fiction in the backdrop of the Farakka crisis is Jayanta 
Joardar’s Bhutni Diara, published in Kolkata. Literary efforts to illustrate the Farakka crisis 
can seldom be observed in today’s Bangladeshi literature. 

If we look closely at the media scenario in Bangladesh regarding the Farakka crisis, we 
will be able to trace three distinct tracks, which have been taken by different media 
professionals in their pursuit to cover this contention. 



Firstly, those who are over-enthusiastic about the problem have often failed to take an 
objective viewpoint and have muddled politics and reality quite frequently. They have 
taken a jingoistic route and have given more emphasis on the spreading of anti-Indian 
feelings than to portray the real cause and effects of this crisis. But this must also be 
recognized that this kind of treatment has been very popular and continues to be so 
although they are not helpful in creating any kind of confidence in the negotiating parties. 
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Box 11.3. Chandbene and Bhutni Diara 

In her outstanding novel 'Chandbene' (Figure 11.2) prolific Bangladeshi writer 
Selina Hossain portrayed the sufferings of the common people in the Ganges basin 
in Bangladesh after the commissioning of the Farakka Barrage. The writer has 
drawn two conparative pictures of the livelihood of common people on the bank 
of the river Padma (the other name of the Ganges in Bangladesh) before and after 
the barrage was built. And in doing so, she shows how the barrage has made 
innumerable people suffer. Although the primary focus of the novel was the 
inpacts of the Farakka Barrage in the lives of people, she penetrated into the 
prevailing deeper class struggle in the society. 

In the novel 'Bhutni Diara' (Figure 11.2) Jayanta Joarder depicted a painful 
canvas of the life of the people living in the vicinity of the upstream of the Farakka 
Barrage in India. In his novel he painstakingly portrayed the change in life of the 
people brought by the adverse effects of the barrage. The area, which was once 
full of happiness and joy, has now been devastated by a sudden inundation caused 
by the backwater effect of the barrage and the gradual siltation of the riverbed. In 
the novel, the writer narrated the hardship caused by the barrage to the fishing 
community, as the fishes especially ‘Hilsa’ could not migrate to the upstream. The 
fishing community used to collect their livelihoods by catching ‘Hilsa’ and other 
migratory species. The barrage created an obstruction to their migration. 
Therefore, even fishing for an entire night, the fishers would return enpty handed, 
as there were not enough fish in the river. The novel, which is a living canvas of a 
very conplex social problem created by an engineering intervention, received a 
very high level acclamation in the literary class of both sides of the border. 



Secondly, some media professionals have not paid much heed to this problem. They 
often portray this issue in a quite indifferent and impassive manner and have seldom made 
any attempt to delve deep into this issue. Their coverage of this problem has been 
incoherent, often vague and devoid of any commitment. 

Thirdly, there are a few media professionals who, from time to time, have made an 
attempt to portray the ‘human face’ of this problem and have been able to cover this with 
some degree of commitment and comprehensiveness. Needless to say, very few media 
experts can claim to belong to this group. 

To date, only a handful of documentaries or television programs have been made on 
the Farakka problem in Bangladesh. Though short film movement is quite strong in the 
country, there has been little or no effort to portray on the celluloid, the sufferings of 
millions of people as a result of water diversion at Farakka. Had such a film been made, it 
would have had a great appeal to all quarters of people and they could realize the agony 
and pain of the suffering millions more vividly. However, two exceptions are noted. In 1976, 
late Khan Ataur Rahman (1933-2001) made a short film entitled ‘Ganges O Ganges’ and 
Ismail Hossain created a feature film ‘Kande Nadi Kande Manush’ (River and People 
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Crying) in 1987. These two films portrayed difficulties in people’s lives and social 
transformations that have occurred due to the decreased availability of water in the Ganges 
River in Bangladesh. 




Figure 11.2. Chandbene and Bhutni Diara, two outstanding novels based on the Farakka Barrage. 



11.4 The Function of Media 

It is needless to over-emphasis the role of media to create awareness about the 
consequences of the Farakka Barrage on society, on the economy, on ones lifestyle and on 
the politics of the affected region and people. To draw the worlds’ attention to the Farakka 
problem and its effect on the life of Bangladesh, Moulana Abdul Hamid Khan Bhashani 
staged the long march on Farakka in May 1976. No other politician of Bangladesh could 
draw the worlds’ attention so effectively after that. However, Mrs. Indira Gandhi, former 
Prime Minister of India tried to offset the impact of the long march later by giving an 
interview in the media. She first targeted the Islamic media to tell her side of the story and 
in 1983, Mrs. Gandhi’s interview to the Arab newspapers which was picked up by the 
Jeddah based Islamic News Agency (INA) and was circulated in all the Muslim countries, 
was also given a wide coverage in Bangladesh as well. 

The media can play a vital role in making both the common people and the specialists 
and other concerned on both sides of the Indo-Bangladesh border about a meaningful and 
lasting solution of the Farakka problem. Media can play an active part in bridging the huge 
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gap between different development and policy stakeholders concerning this issue for 
paving way for a better solution to this problem. Most of the people, even some specialists 
of Bangladesh, are helplessly unaware of what the present situation is and in which 
direction the problem is heading. Everybody seems to be engaged in a confused uproar, 
which makes the future hazy and obscure. Media can shoulder this responsibility and can 
put an end to this collective apathy and confusion. It can push forward the need for 
capacity building measures as an ideal solution to break this deadlock and find alternative 
ways of water management so that Farakka doesn’t remain as a ‘bone of contention’, as it 
stands. Media can also advocate for restructuring Bangladesh’s national water policy to 
enable the government to negotiate Farakka and the related issues from a better and 
stronger position. 

There is little doubt that, in order to increase the efficiency and capacity of our water 
management authority for ensuring sustainable water management and development and 
to better negotiate Bangladesh’s rightful share of the river Ganges, greater cooperation and 
coordination are essential with respect to the legal and planning frameworks, the 
development and implementation, and the operation and maintenance. Simultaneously, 
more private sector involvement is necessary to launch a coordinated and concerted effort 
to solve this crisis. Media should also advocate for changing the water sector planning 
approach from a top-down technocratic approach to a bottom-up one. Owing to various 
conflicting interests, a genuine participatory water management strategy for the country is 
vital. People’s participation at all stages is one of the key elements that will play a pivotal 
role in overcoming this dispute. Such an approach should focus on ensuring the 
incorporation of people’s needs and preferences in the water management strategies. Print 
and electronic media must come forward to represent the common people so that a gainful 
solution to the Farakka problem can be reached. 



11.5 Adaptation 

The issue adapt with the circumstances and environmental conditions at the affected 
ecosystems centering Farakka, has never been addressed properly by any quarter. There is 
no effort for that even. The post-Farakka period has drawn the attention of the media to its 
existence and impact, but not to mechanisms living in the degraded environment. The 
ramifications were manifold and in many cases unfathomable. Media has a great role to 
play, particularly how to survive with Farakka. This effort should continue until and unless 
an environment friendly, lasting solution is evolved. 



11.6 Authoritative Differences Over Resources 



Only by means of constitutional provisions a state makes itself responsible to the people of 
the country. Bangladesh and India both have parliamentary democracies and the 
government fulfills the obligation of the constitution. The sacred constitutions of both the 
countries are the guiding principles of the two governments. The constitutions of both 
India and Bangladesh guarantee Freedom of Press. Despite provincial authorities on many 
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issues in India, the disputes over water and other mineral resources are adjudicated by the 
central government and the authority of water is vested with the central government which 
can only be regulated by the parliament. But the Bangladesh Parliament does not regulate 
any authority of the executive branch regarding water and other natural resources. But if 
we consult the constitution of Nepal, its parliament is the absolute authority in accepting 
and rejecting any bilateral/multi-lateral arrangement on natural resources including water. 
Water and provisions regarding ratification of agreements/treaties in the Constitutions of 
Bangladesh, India and Nepal are presented in Appendix 11.1. 



Differences in the authorities of regulating water resources made it a bit complex for 
the media professionals to understand the pattern of negotiations. The complexities 
sometimes have given rise to misunderstandings about reporting on water resources 
particularly on Farakka, as the impact of on the environment has been unique in its nature. 

Amidst the limitations, the media can play an active role in the Farakka crisis in the 
following ways: 

1. National media can arrange round tables and seminars on the Farakka problem. 
Specialists on related issues, policy makers, government officials, NGO activists, 
media people and other concerned can participate in these interactions and can make 
their decision and raise voices. 

2. Media can take initiative to make people informed and aware of the effects of the 
barrage. Short- and long-term consequences of the barrage on either sides of the 
border can be broadcasted with the help of pictorial and graphical tools. Suffering 
people can be interviewed intensively so that the viewers can have a better 
understanding of the situation on the ground and can shape their own conceptions 
regarding this matter. 

3. The media can guide us in establishing, extending or displacing meanings, lead us in 
approving or disapproving portrayals, and encourage us to reinforce or replace our 
system of values and conceptions. This is more important in cases like that of Farakka, 
where cumulative opinions of millions of people worldwide can change the scenario 
and exert the much needed pressure of the policy makers, particularly those of India, to 
take positive steps to put an end to the misery and sufferings caused by this barrage. 

4. Media programs, newspaper articles and reports can make this issue more 
internationalized; more and more people, policy makers, environmental activists, 
social scientists, government officials and different pressure groups around the world 
can be made aware of the complexity of the Ganges water-sharing problem and the 
adverse effects of the Farakka Barrage on the lives of millions of people. News 
coverage can help them form their own understanding and draw their own analogy 
about this issue. This may persuade them to voice their concerns on this matter, which 
will help solve this problem. 
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5. Media can organize forums for the affected people to voice their concerns and make 
their little voices heard, which could make all the difference. They must try and reach 
all the inaccessible comers where people are suffering because of this barrage and by 
compiling their stories, they can present a cumulative picture to the world audience 
which will also help in the policy making and provide guidance to the social and 
environmental activists. 

6. Media can form networks of journalists dealing with the Farakka issue both at home and 
abroad. This would create a strong and ever-active channel, which would ensure free 
flow and extensive sharing of related information all over the world. This would also be 
able to work as a pressure group to promote concerns about the devastating impacts 
of the barrage. 

7. Films and television programs and documentaries should be made, to help people 
know the adverse effects that are caused by water regulation at the Farakka Barrage 
site. Films and programs of such kinds can also be shared with the global community 
to help them realize the effects of Farakka on the people of Bangladesh as well as in 
India. Many of the Indian citizens also do not have a good understanding of the 
harmful effects of Farakka in Bangladesh; such initiatives can help them realize the 
situation. 

8. There is a lot of disinformation, about Farakka and its consequential affects, among 
the people, policy makers, officials, experts, specialists and above all among the media 
professionals. This should be eliminated by the knowledgeable media experts and this 
kind of disinformation can only be resolved by the interaction among the media and 
concerned quarters, experts and specialists and giving due coverage of those 
interactive evaluations. 

9. The electronic media and audio visual media will have a more effective advantage to 
create awareness about Farakka in different parts of the world. This media has a 
tremendous effect on the audience of the countries, other than the countries involved 
in the disputes. Khan Ataur Rahman’s “Ganges O Ganges” and Ismail Hossain’s 
“Kande Nadi Kande Manush”, the two films may be cited as examples in this regard. 

10. The other issue is adaptation with the environmental degradation. In this regard, the 
media has an enormous responsibility. However, not only the media, but also the 
experts, officials, people and activists should get together to create awareness among 
the policy makers and international authorities to help the people that are located 
within the orbit of the Farakka regime. 



11.7 Conclusions: Media Should Show the Way Ahead 

A permanent solution to the Ganges water dispute is of paramount significance not only to 
the Indo-Bangladesh relationships, but also to the peace and stability of the whole region. 
But, as everyone perceives, this is not an ‘easy situation’. There has been and continues to 
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be many elements of mutual mistrust, lack of confidence and credibility on both India’s and 
Bangladesh’s part. The political situation in the region is volatile and the present and future 
relationship of both the countries will shape the way the matter is resolved. There are many 
interest groups related to this issue and the future of a large number of people will be 
positively or adversely affected by whatever solution both the nations reach. Media is one 
of the influential groups involved and they have to shoulder great responsibilities to 
discharge their duties regarding this matter. The earlier they get this insight; the better will 
be the situation. 



During the visit of Bangladesh’s Prime Minister Begum Zia to India in May of 1 992, the 
Indian Prime Minister Narshimha Rao at that time pointed out, “It was not just West Bengal 
which needed water from the Ganga basin but also the heavily populated large states of 
Uttar Pradesh and Bihar depended on that river.” It was an official statement from the 
highest level of India. But the Bangladesh side had never disclosed this information. We 
would not even know about this statement if it was not for the publication of 'My South 
Block Years ’ by J.N. Dixit, the former Indian Foreign Secretary. 

Furthermore, it was not mentioned in the agreement signed between the two countries 
on December 12, 1996 when Bangladesh’s Prime Minister Sheikh Hasina visited India. 
Rather the agreement mentioned that the Indian side takes all initiatives to maintain the 
historical flow of the Ganges at the Farakka point. However, analysis of recent hydrological 
data shows that with the expansion of irrigated agriculture for producing crops in Uttar 
Pradesh and Bihar, the availability of water at Farakka point is gradually decreasing 
(see Chapter 13). 

The solution to the Farakka problem should be searched by all means - technically, 
economically, socially and politically. It should be addressed from the point of view of 
sub-regional cooperation to the regional cooperation (details are discussed in Chapter 14). 
But creation of the awareness to that direction largely depends on the media, while the 
media itself lacks foundation to point the finger effectively. 
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Appendix ILL Water and ratification of agreements/treaties in the Constitutions of Bangladesh, 
India and Nepal 

Constitution of Bangladesh 

Following constitutional provisions of Bangladesh governs the signing and execution of 
International deeds and contracts: 

143. (1) There shall vest in the Republic, in addition to any other land or property 
lawfully vested- 

(a) all minerals and other things of value underlying any land of Bangladesh; 

(b) all lands, minerals and other things of value underlying the ocean within the territorial 
waters, or the ocean over the continental shelf, of Bangladesh; and 

(c) any property located in Bangladesh that has no rightful owner 

(2) Parliament may from time to time by law provide for the determination of the 
boundaries of the territory of Bangladesh and of the territorial waters and the continental 
shelf of Bangladesh. 

1 44. The Executive authority of the Republic shall extend to the acquisition, sale, transfer, 
mortgage and disposal of property, the carrying on of any trade or business and the making 
of any contract. 

145. (1) All contracts and deeds made in exercise of the executive authority of the 
Republic shall be expressed to be made by the President and shall be executed on behalf of 
the President by such person and such manner as he may direct or authorize. 

(2) Where a contract or deed is made or executed in exercise of the executive 
authority of the Republic, neither the President nor any other person making or executing 
the contract or deed in exercise of that authority shall be personally liable in respect thereof, 
but this article shall not prejudice the right of any person to take proceedings against the 
government. 

[145 A. All treaties with foreign countries shall be submitted to the President, who shall 
cause them to be laid before Parliament: 

[Provided that any such treaty connected with national security shall be laid in a secret 
session of parliament.]] 



Source: Government of Bangladesh: 1998, Constitution of People s Republic of Bangladesh, Deputy 
Controller, Bangladesh Forms and Publication Office, Tejgaon, Dhaka. 
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Constitution of India 

India is union of States. The constitutional provisions in respect of allocation of 
responsibilities between the State and Center fall into three categories: The Union (List-I), 
the State List (List-II) and the Concurrent List (List-Ill). Article 246 of the Constitution 
deals with subject matter of laws to be made by the Parliament and by Legislature of the 
States. As most of the rivers in the country are inter- State, the regulation and development 
of waters of these rivers, is a source of inter-State differences and disputes. In the 
Constitution, water is a matter included in Entry 17 of List-II i.e. State List. This entry is 
subject to the provision of Entry 56 of List-I i.e. Union List. The specific provisions in this 
regard are as under: 

ARTICLE 246 

1) Notwithstanding anything in clauses (2) and (3), Parliament has exclusive power 
to make laws with respect to any of the matters enumerated in List-I in the Seventh 
Schedule (in this Constitution referred to as the “Union List”). 

2) Not withstanding anything in clause (3 ), Parliament, and, subj ect to clause ( 1 ), the 
legislature of any State also, have power to make laws with respect to any of the 
matters enumerated in List-III in the Seventh Schedule (in this Constitution 
referred to as the “Concurrent List”). 

3) Subject to clauses ( 1 ) and (2), the Legislature of any State has exclusive power to 
make laws for such State or any part thereof with respect to any of the matters 
enumerated in List-II in the Seventh Schedule (in this Constitution referred to as 
the “State List”). 

4) Parliament has power to make laws with respect to any matter for any part of the 
territory of India not included in a State notwithstanding that such matter is a 
matter enumerated in the State List. 

ARTICLE 262 

In case of disputes relating to waters. Article 262 provides: 

1) Parliament may by law provide for the adjudication of any dispute or complaint 
with respect to the use, distribution or control of the waters of, or in, any 
inter-State river or river valley. 

2) Notwithstanding anything in this Constitution, Parliament may, by law provide 
that neither the Supreme Court nor any other court shall exercise jurisdiction in 
respect of any such dispute or complaint as in referred to in Clause (1). 
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ENTRY56 OF LIST-I OF SEVENTH SCHEDULE 

Entry 56 of List-I of Seventh Schedule provides that “Regulation and development of 
inter-State rivers and river valleys to the extent to which such regulation and development 
under the control of the Union is declared by Parliament by law to be expedient in the public 
interest”. 

ENTRY 17 UNDERLIST-n OF SEVENTH SCHEDULE 

Entry 17 under List-II of Seventh Schedule provides that “Water, that is to say, water 
supplies, irrigation and canals, drainage and embankments, water storage and water power 
subject to the provisions of Entry 56 of List-I”. 

As such, the Central Government is conferred with powers to regulate and develop in 
inter-State rivers under Entry 56 of List-I of Seventh Schedule to the extent declared by the 
Parliament by law to be expedient in the public interest. 

It also has the power to make laws for the adjudication of any dispute relating to waters of 
inter-State river or river valley under Article 262 of the Constitution. 



Source: Eastern Book Company: 2003, Constitution of India, 16‘^ Edition, Eastern Book Company, 
Lucknow. 



Constitution of Nepal 

The following articles of the Nepal’s Constitution govern the treaties regarding natural 
resources. 

126. Ratification of. Accession to. Acceptance of or Approval of Treaty or Agreement: 

( 1 ) The ratification of, accession to, acceptance of or approval of treaties or agreement 
to which the Kingdom of Nepal or His Majesty’s Government is to become a party 
shall be as determined by law. 

(2) The laws to be made pursuant to Clause (1) shall, inter alia, require that the 
ratification of accession to, acceptance of or approval of treaties or agreements on 
the following subjects be done by a majority of two-thirds of the members present 
at a joint sitting of both Houses of Parliament: 

a. peace and friendship 

b. defense and strategic alliance; 

c. boundaries of the Kingdom of Nepal; and 

d. natural resources, and the distribution of their uses: 
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Provided that out of the treaties and agreements referred to in sub-clauses (a) and 
(d), if any treaty or agreement is of an ordinary nature, which does not affect the 
nation extensively, seriously or in the long term, the ratification of, accession to, 
acceptance of or approval of such treaty or agreement may be done at a meeting 
of the House of Representatives by a simple majority of the members present. 

(1) After the commencement of this Constitution, unless a treaty or agreement is 
ratified, acceded to, accepted or approved in accordance with this Article, it shall 
not be binding on His Majesty’s Government or the Kingdom of Nepal. 

(2) Notwithstanding anything contained in Clauses ( 1 ) and (2), no treaty or agreement 
shall be concluded in detrimental to the territorial integrity of the Kingdom of 
Nepal. 

127. Power to Remove Difficulties 

If any difficulty arises in bringing this Constitution into force His Majesty may issue 
necessary Orders to remove those difficulties. The Orders, so issued, shall be placed in the 
parliament. 



Source: Chaturvedi, S.K.: 1993, Nepal: Internal Politics and its Constitution, South Asia Books, New 
Delhi. 
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12.1 Introduction 

Diversion of water from the Ganges River through major engineering structures has caused 
significant environmental effects in the downstream and upstream parts of the basin. In 
Bangladesh, major impacts are observed in: water supply, river morphology and regulation, 
navigation, salinity, forestry and ecosystems, agriculture and land degradation and fishery. 
However, areas (upstream and downstream) adjacent to the Farakka Barrage are also 
impacted by the increased flood hazards, reduction in fisheries and erosion. Water 
diversion through the Farakka Feeder Canal to the Bhagirathi-Hooghly River (Figure 12.1) 
positively benefited Kolkata Port by increasing draft for vessels. Water supply to the 
Kolkata City has also improved. Table 12.1 summarizes the impacts of diversion on various 
sectors in the upstream and downstream areas of the Ganges River. 

Various environmental and economic sectors are exposed to natural hydro-climatic 
variations in the Ganges basin. However, previous chapters and Table 12.1 demonstrates 
that diversion of the Ganges water over a long period of time has created incremental 
vulnerability. People in the Ganges basin are usually resilient and are adapted to natural 
hydro-climatic variability but additional stress caused by human intervention has pushed 
human and natural systems in many cases to go beyond their coping range. This chapter 
addresses vulnerability and adaptation and coping mechanisms in the Ganges basin in 
Bangladesh and India with regard to water diversion. Section 2 discusses the concept of 
vulnerability and adaptation in the special situation of water diversion. Section 3 
discusses the incremental vulnerability caused by water diversion. Section 4 synthesizes 
various adaptation and coping mechanisms adopted and proposed to minimize impacts 
and vulnerability. Section 5 discusses the cost of adaptation. Concluding remarks are 
presented in Section 6. 
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Figure 12.1. The Ganges River system and the Farakka Barrage Project. 



12.2 Vulnerability, Adaptation and Adaptive Capacity: ABrief Review of Concept and 

Issues 

12.2.1 VULNERABILITY 

The definition of vulnerability has undergone a comprehensive evolution process in the 
last three decades. It has been broadly defined from three perspectives: natural hazard, 
climate change and variability, and entitlement approach. However, vulnerability in terms of 
modifying a natural hydrologic system through water diversion is a special case of interest 
for which a working definition is required. 

Blaikie et al ( 1 994) defined vulnerability from a natural hazards perspective as “ ... the 
characteristics of a person or group in terms of their capacity to anticipate, cope with, resist 
and recover from the impact of a natural hazard (p.57)”. This definition is focused on only 
human systems and takes into account three temporal situations in terms of natural extreme 
events that cause hazards: pre-event, post-event and during the event. He also argues that 
vulnerability “...is a measure of a person or group’s exposure to the effects of a natural 
hazard, including the degree to which they can recover from the impact of that event 
(p.57)”. Here exposure refers to physical, economic and human well-being and recover is 
related to resiliency. 
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Widening the scope of the definition, Kelly and Adger (2000) define vulnerability as 
. .the ability or inability of individuals or social groupings to respond to, in the sense of 
cope with, recover from or adapt to, any external stress placed on their livelihoods and 
well-being (p.300).” Their approach focuses on existing “wounds” (or prior damage), which 
might limit capacity to respond to stresses and are independent of future threats. 

The Intergovernmental Panel on Climate Change (IPCC) (2001) broadened the 
definition of vulnerability from the natural hazard perspective by focusing on the future as 
well as incorporating natural systems in addition to the human system. It defines 
vulnerability as “. . .the degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes. Vulnerability 
is a function of the character, magnitude and rate of climate change and variation to which 
a system is exposed, its sensitivity, and its adaptive capacity (p.l8).” 

Many authors (e.g., Liverman, 1994; Adger and Kelly, 1999) have argued for the use of 
a political economy framework, often using the “entitlements approach” which begins at a 
household level (developed by Sen (1981 and 1987)), in the analysis of vulnerability. A 
household’s food entitlement consists of the food that the household can obtain through 
production, exchange, or extra-legal legitimate conventions - such as reciprocal relations or 
kinship obligations (Dreze and Sen, 1989). Ribot (1996) argues that this approach 
introduces a household perspective on vulnerability, one that replaces “ecocentric” 
approaches to environmental change. The main contribution of this approach lies, 
perhaps, in its focus on the vulnerability of individuals and social groups. Within this 
framework vulnerability is understood as being determined by access to resources 
specifically, by individuals’ “entitlemenf’ to call on these resources. Watts and Bohle 
(1993), pushing Dreze and Sen’s (1989) analysis of entitlements, argue that vulnerability is 
configured by the mutually constituted triad of entitlements, empowerment and political 
economy. Here empowerment is the ability to shape the political economy that in turn 
shapes entitlement. 

The Food and Agriculture Organization of the United Nations (FAO) (1999) defines 
vulnerability from the food security perspective as “the presence of factors that place 
people at risk of becoming food insecure or malnourished.” This definition focuses on 
causes of food insecurity due to human interventions, such as political decisions, armed 
conflicts and international economic embargo. Inappropriate political decisions often cause 
hunger in Sub Saharan Africa and Asia; armed conflicts either do not allow food 
distribution or purchase of food due to diversion of resources for buying military 
hardware/software; and international economic embargoes often lead to hunger by limiting 
a country or government’s spending power or accumulation of economic resources. 

Vulnerability caused by water diversion is a special case of human intervention on 
naturally flowing water system and dependent systems. While the purpose of diversion is 
usually to bring positive benefits to some areas, there are examples that demonstrate 
environmental and socio-economic costs attached to downstream areas. Many Australian 
river systems, particularly in the Southeast and Southwest, have been degraded through 
diversion of water via dams, barrages and channels. Principally for irrigated agriculture. 
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Many New Zealand rivers have been affected by hydroelectric generation; diversion of 
water for irrigation; agricultural, manufacturing, and urban pollution and biotic invasion 
(Pittock and Wratt, 2001). Recent research has demonstrated that river ecosystems are 
particularly sensitive to extremes in flow. Although, recovery from the effects of floods on 
river flora and fauna is rapid, recovery after droughts (refers to hydrological drought, see 
Box 12.2 for definition) tends to be slow and may be incomplete (Lake, 2000). 

Diversion increases exposure of systems to increased variability of a river flow. 
Generally, a system that is more exposed to increased variability will be more vulnerable, 
and a system that has more adaptive capacity will tend to be less vulnerable because of its 
ability to moderate impacts. Equity is another issue integrally related to water diversion, 
which can be on many levels: inter- and intra-country, environmental systems that include 
human and ecological and socio-economic systems. Disadvantaged groups usually 
disproportionately suffer from greater environmental damages, particularly the women and 
the poor (Munashinghe, 2000). In the case of decreased water availability in a river, priority 
is usually given to the economically and socially important sector(s); for example, 
agriculture is given priority in the Ganges basin in Bangladesh by depriving instream 
ecosystems or other ecosystem(s). “Water rights”^ and “water as a human right” are 
receiving greater attention in recent times in terms of access, diversion and scarcity (Gleick, 
1 999). Recently, the United Nations Committee on Economic, Cultural and Social Rights has 
agreed to designate water availability as a human right (US Embassy, 2002). However, this 
declaration is only limited to access to safe drinking water and sanitation. Ecosystems’ 
right to naturally flowing water is yet to be recognized. 

By taking into account five main principles attached to the effects and implications of water 
diversion, the vulnerability relationship can be expressed as: 



V = f(E,EQ,P,WR/HR,A) 



12.1 



where 



V = Vulnerability of systems to water diversion 

E = Exposure of the systems to water diversion 

BQ = Environmental system and Human equity 

P = Political decision to divert water or initiate augmentation 

WR/HR = Water Right/Human Right 

A = Adaptive capacity of a system to deal with adverse effects of 
water diversion 



Water diversion, vulnerability and adaptation are shown in Figure 12.2. 



’ There is a direct overlap between ‘human equity’ and ‘human rights’. Equity can be defined as a 
series of rights or rules. For example, every individual has a right to a minimum access to water and 
any breach of that is inequitable. 
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Figure 12.2. Water diversion, vulnerability and adaptation. Modified from the IPCC (2001). 

12.2.2 ADAPTATION 

Adaptation to water diversion is the process through which people reduce the adverse 
effects of diversion on their social and economic well-being and on ecosystems, and take 
decisions to benefit people and ecosystems across political boundaries through 
augmentation of river flows by tapping the water resources of all potential sources and by 
conserving water with suitable means. 

12.2.2.1 Adapt to What? 

Adaptation occurs in both natural and socio-economic systems (Burton et al., 1 998). People 
generally adopt and practice measures to adapt to the variability of natural climate and 
extreme weather events. Human intervention modifies the threat of natural variability. For 
example, diversion of water from a naturally flowing river creates additional stress on 
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human and natural ecosystems that include: agriculture, fishery, instream ecosystem, 
forestry, sedimentation and morphology, salinity intrusion, and allied secondary and 
tertiary stresses. This kind of human action can cause irreversible damage to systems and 
their natural resiliency may be lost. Burton et al (1993) pointed out that human activities 
are not always as well adapted to climate as they might be. The mounting losses from great 
natural disasters are in substantial part associated with extreme weather events. Therefore, 
in a situation where natural climate and hydrologic systems have been modified by human 
intervention, even efficiently designed corrective measures might be proven to be either 
partially effective or ineffective. 

12.2.2.2 Adaptive Capacity 

IPCC (2001) defined adaptive capacity as the potential, capability, or ability of a system to 
adapt to climate change stimuli or their effects or impacts. However, this is a generic type of 
definition and its scope can be broadened to incorporate human intervention on natural 
systems. Adaptive capacity depends on a number of determinants that include: 
socio-economic wealth, governance, technology, information and skills, infrastructure, 
institutions and equity. Among these determinants, socio-economic factors are the most 
important determinants that help develop adaptive capacity. Box 12.1 and Table 12.2 
describe the general socio-economic and the state of some other determinants in the Ganges 
basin in West Bengal, India and Bangladesh. 

12.2.2.3 Adaptation Types 

Various types of adaptation include anticipatory and reactive adaptation, private and 
public adaptation, and autonomous and planned adaptation. 

Anticipatory Adaptation 

Adaptation that takes place before impacts or any intervention has been observed. Also 
referred to as proactive adaptation. 

Autonomous Adaptation 

Adaptation that does not constitute a conscious response to any stimuli but is triggered 
by ecological changes in natural systems and by market or welfare changes in human 
systems. Also referred to as spontaneous adaptation. 

Planned Adaptation 

Adaptation that is the result of a deliberate policy decision, based on an awareness that 
conditions have changed or are about to change and that action is required to return to, 
maintain, or achieve a desired state. 

Private Adaptation 

Adaptation that is initiated and implemented by individuals, households or private 
companies. Private adaptation is usually in the actor’s rational self-interest. 
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Box 12.1. Socio-economic conditions and adaptive capacity in the Ganges basin 

Socio-economic factors affect the ability of a system to absorb (robustness) or 
respond to changes occur to a natural system due to natural causes or human 
interventions (Smith et a/., 1998). In India and Bangladesh socio-economic 
conditions of various economic groups, location and living conditions, inequality 
between rural and urban population (including their intra inequality) and gender 
broadly defines exposure of these groups to extreme weather events or human 
interventions. 

Women (particularly in the rural areas) are more vulnerable to climatic and 
man-made hydrologic hazards; because participation of women in the workforce is 
one-fifth that of men and income is one-third of their male counterpart. Children 
and senior citizens are also highly vulnerable. In India and Bangladesh, 
communities such as occupational caste were found to be the most affected 
groups. These groups show very low human development performance reflecting 
deprivation of opportunities and thus makes them defenseless against natural 
hazards as well as human induced hazards. Table 12.2 summarizes 
socio-economic indicators of the Indian State of West Bengal where the Farakka 
Barrage is located, and Bangladesh both of which demonstrate arbitrary adaptive 
capacity. Between the two countries, Bangladesh has the lower adaptive capacity 
based on the ranking. However, these rankings are probably inadequate to draw a 
general conclusion for specific regions of these countries that are being affected by 
the operation of the barrage, diversion of water by other structural means as well 
as climatic variability. Hazards created by extreme climatic events together 
with/or human interventions are highly endemic and micro-level research is 
required to reveal the magnitude of inpact, vulnerability and adaptive capacity at 
local levels. 



Public Adaptation 

Adaptation that is initiated and implemented by governments at all levels. Public 
adaptation is usually directed at collective needs. 

Reactive Adaptation 

Adaptation that takes place after impacts has been observed. 

12.2.2.4 Adaptation Measures 

There are many potential adaptation measures that may be adopted in response to water 
diversion. Burton et al. (1993) divided them into the following eight categories. 

Bear Losses 

All other adaptation measures may be compared with the baseline response of bearing or 
accepting the losses. In theory, bearing loss occurs when those affected have no capacity 
to respond in any other way (for example, in extremely poor communities) or where the 
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costs of adaptation measures are considered to be high in relation to risk or expected 
damages. 

Share Losses 

This type of adaptation response involves sharing the losses amongst a wider community. 
Such actions take place in traditional societies and in the most complex, high-tech 
societies. In traditional societies, many mechanisms exist to share losses, such as extended 
families and village-level or similar small-scale communities. 

Modify the Threat 

For some risks, it is possible to exercise a degree of control over the environmental threat 
itself When this is a “natural” event such as a flood or a drought, possible measures 
include flood mitigation works (dams, embankments, levees, etc.). For water diversion 
related threats, the major modification possibility is to take measures to either increase the 
supply of water in the river by augmentation or reduce water uses by increasing efficiency. 

Prevent Effects 

A frequently used set of adaptation measures involves steps to prevent the effects of an 
event. For example, the effects of water diversion for agriculture (which may not be 
completely achieved): can be offset by conservation of flowing water by suitable means so 
that it cannot be lost in the sea. The water may then be used for irrigation. 

Change Use 

Where the threat of any natural or human intervention makes the continuation of an 
economic activity impossible or extremely risky, consideration should be given to 
changing the use. For example, a farmer may choose to substitute a more drought tolerant 
crop or switch to varieties with low moisture requirement in the event of a lack of 
availability of adequate water for irrigation. 

Change Location 

A more extreme response is to change the location of economic activities. In the context of 
climate change, Rosenzweig and Parry (1994) suggested relocating major crops and 
farming regions away from areas of increased aridity and heat to areas that are currently 
cooler. However, whether climate change or water diversion, this kind of practice is quite 
difficult in a highly populated and land hungry country like Bangladesh. 

Research 

The process of adaptation can also be advanced by research into new technologies and 
new methods of adaptation. 

Educate, Inform, and Encourage Behavioral Change 

Another type of adaptation is dissemination of knowledge through education and public 
information campaigns, hopefully leading to behavioral change. Such activities have been 
little recognized and given little priority in the past, but are likely to assume increased 
importance in the future. 
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Table 12.2. Selected socio-economic indicators of West Bengal, India and Bangladesh 



Indicator 


West Bengal 


Bangladesh 


Population density 


904(i) 


997(2) 


Poverty rate (% of population) 


27(7) 


35.6(2) 


Malnutrition prevalence (% of children 
under 5) 


47(7) 


61.3(2) 


Illiteracy rate, adult male (% of males 15+) 


46(7) 


47.7(2) 


Illiteracy rate, adult female (% of females 
15+) 


18(7) 


70.1(2) 


Improved water source (% of total 
population with access) 


82(2) 


97(7) 


Improved sanitation facilities, urban (% of 
urban population with access) 


50(2) 


82(7) 


GNI per capita (current US$)^ 


440(7) 


370(2) 


Agriculture, value added (% of GDP)^ 


26.2(2) 


24.6(7) 


Industry, value added (% of GDP)^ 


26(2) 


24.4(7) 


Services, etc., value added (% of GDP)^ 


47.8(2) 


51(7) 


Paved roads (% of total) ^ 


45.7(7) 


9.5(2) 


Aid per capita (current US$)^ 


1.5(7) 


8.9(2) 


Total Rank 


18 


21 



Data source: World Bank (2002) and UNDP (2002). V Indicates national level. 



12.3 Water Diversion, Incremental Hazards and Thresholds 

12.3. 1 NATURAL HAZARDS IN THE GANGES BASIN IN BANGLADESH 

The Ganges basin in Bangladesh is located in the driest parts of the country. The basin 
covers the Northwest and Southwest regions. Mean annual rainfall in the basin is in the 
range of 1 ,500 mm-2,500 mm. Regional variations in rainfall are shown in Figure 12.3. Flood 
and droughts hazards are common in the basin (Table 12.3). Figure 12.4 shows the 
distribution of drought prone areas in the basin. In comparison with floods and especially 
cyclones, droughts are slow to manifest themselves and are relatively more pervasive. 
Typically, uncertainty of rainfall during pxQ-kharif, prevalence of dry days, lack of soil 
moisture and low river flows during dry season reduce potential yields of B.aus, Taman, 
boro and rabi crops. Depending on the intensity of the drought and irrigation constraints, 
estimated yield reduction of different crops varies from 10% to 70% (Karim et al, 1990). 
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A severe drought typically affects crop production over 30% of the area of Bangladesh, 
reducing the overall crop yield by an average of 10%. 




Figure 12.3. Rainfall (mm) isohyets of Bangladesh. 
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Table 12.3. Regional distribution of natural hazards in Bangladesh 



Region 


Hazards 




Northwest 


Floods, droughts, cold weather 


Northeast 

Central 


Floods, cold weather, earthquake 

Floods, droughts, epidemics, earthquake, riverbank erosion 


Southwest 


Floods, droughts, cyclones, epidemics, riverbank erosion 


Southeast 


Cyclone, floods, storm surge, epidemics 


Note: Shaded regions 


are within the Ganges basin. 



Box 12.2. Types of droughts in the Ganges basin 



Rasmusson et al. (1994) and Kulshrestha (1997) defined four types of droughts: 

(i) Meteorological drought, when actual rainfall over an area is less than 75% 
of the long-term climatological mean; 

(ii) Hydrological drought: when there is marked depletion of surface water 
causing very low stream flow and the drying of lakes, reservoirs and rivers; 

(iii) Agricultural drought: when soil moisture is inadequate to support the 
healthy growth of crops resulting in very low yield; and 

(iv) Economic drought: which is concerned with effects on economic and 
human sectors. 



Droughts can severely affect rabi crops and boro rice as it happened in the very 
severe droughts during 1978-1979 and 1979-1980. This event directly affected about 42% of 
the cultivated land and some 44% of the population (Ericksen et al, 1990). Most of these 
areas were concentrated in the Northwest and Southwest regions of Bangladesh where the 
Bangladesh part of the Ganges basin is located. Irrigation can help reduce drought effects 
but HYV varieties tend to be more drought-prone than indigenous species (Hossain, 1990). 

12.3.2 WATER DIVERSION, MODIFICATION OF HYDROLOGIC EVENTS AND 
INCREMENTAL VULNERABILITY 

In a naturally flowing river, extreme hydrological events - low flow and floods are part of 
natural variability. For example, the Ganges River at Hardinge Bridge in Bangladesh 
experienced an extreme low flow situation in the dry season of 1966 when, for example, 
monthly mean discharge for April was only 1 ,401 mVsec. This was about 30% smaller than 
the pre-Farakka mean monthly discharge of 1,969 mVsec, perhaps caused by very low 
rainfall occurring over the Ganges basin in India in the previous year. In 1965, departure of 
rainfall from the long-term mean was 27% (Figure 12.5). However, there is no discernible 
long-term trend as demonstrated by the moving average line. 






Figure 12.4. Distribution of drought-prone areas in Bangladesh. Severe drought-prone areas are 
located in the Ganges basin. 
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Figure 12.5. Long-term (1872-2000) precipitation departure in the Ganges basin in India. Solid 
horizontal lines are ± one standard deviation. 



As discussed in Chapter 2, the diversion of water has modified the dry season 
hydrology of the Ganges River in Bangladesh. Mean and variance of the monthly flow 
have also changed. Means have decreased while variances have increased (Table 12.4). In 
other words the statistical distribution of flows in the post-Farakka period have changed. 
In most of the cases, changes were found to be statistically significant (see Table 2.3 
in Chapter 2 on hydrology). A related issue concerns changes in the frequency of 
hydrological extremes; in this case extreme low flows. Decreases in mean discharge results 
in more record lows. Effects are also pronounced if the variance increases. 

Table 12.4. Mean monthly discharge (mVsec) and standard deviation (mVsec) of the Ganges at 
Hardinge Bridge 



Period Statistical January February March April May 

Parameter 



Pre-Farakka 


Mean 






Discharge 

Standard 


2,947 




Deviation* 


495 


Post-Farakka 


Mean 






Discharge 

Standard 


1,721 




Deviation* 


735 



2,407 


1,984 


1,969 


2,277 


316 


276 


316 


556 


1,187 


893 


921 


1,343 


443 


392 


447 


566 



* Standard deviation = VVariance 
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It is worthwhile to examine the changed statistical distribution of dry season flows of 
the Ganges at Hardinge Bridge in Bangladesh in the post-diversion period and compare it 
with the pre-diversion situation. For this purpose a normal probability density function 
(equation 12.2 in Annex 12.1) was used. Goodness-of-fit tests show that other distributions 
can also be fitted. 

From Figure 12.6 two distinct patterns are evident. First, probability density curves for 
all five months for the post-Farakka period have shifted to the left as a result of changes in 
the mean values of discharge. The magnitude of shift is dependent on the absolute value of 
the change. Maximum shifts have occurred for the month of March followed by April. 
Minimum shift has occurred for January. Second, discernible changes have occurred in the 
shape of the distribution. Changes in variance (Table 12.4) are shown in the monthly 
distributions. The maximum change occurred for January followed by March. The 
probability density curve for May does not show any distinct change. Apart from the 
increased probability of record low discharge, these changes have wide ranging 
implications for the probability of occurrence of discharge of high magnitudes 
(thresholds), which have physical importance for instream ecosystem, salinity control, 
navigation, etc. 

The probability of occurrence of a threshold discharge is examined in the context of 
changed hydrology of the Ganges River. For this purpose, the value of x (threshold) is 
estimated to be 2,000 mVsec. This threshold discharge is selected based on estimations for: 
maintaining salinity at 750 m-mhos at Khulna (Chapter 5 on salinity in this book), instream 
requirement (Rahman, 1998) and minimum discharge requirement for salinity and 
agriculture (Sir William Halcrow and Partners Ltd., 1993). Mean discharge values for the 
months January-May in the pre- and post-Farakka periods are shown in Table 12.4, and 
they have been used in determining parameters a and u using equations 12.4 and 12.5 
(Annex 12.1). Parameter values and the calculated return periods are shown in Table 12.5. 

Table 12.5 demonstrates that compared to pre-Farakka situation, Q = 2,000 mVsec has 
become a rare event for the months of February, March and April. January and May are 
relatively better than the other three months. The vulnerability factor can be estimated by 
calculating the ratio of the pre- and post-Farakka return periods, T^ and Tj, respectively 
T^/Tj for February, March and April is 18, 27 and 16, respectively. They demonstrate the 
magnitude of increased vulnerability of Bangladesh to the water diversion of the Ganges 
River. 

Increased recurrence of low flows has generated increased vulnerability for all 
socio-economic sectors that depend on the supply of water from the Ganges River. For 
example, the Ganges-Kobadak (G-K Project) (Figure 12.7) - one of the largest surface water 
irrigation projects in Bangladesh often faces water scarcity in the dry season in the 
post-Farakka period. This was not the case in the pre-Farakka period. 
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Figure 12.6. Effects of diversion on extreme discharges of the Ganges River at Hardinge Bridge. 
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Table 12.5. Return periods/probability of occurrences of a threshold discharge (Q = 2,000 mVsec) for 
the Ganges River at Hardinge Bridge, Bangladesh 



Period 


Statistical 

Parameter 


January 


February 


March 


April 


May 


Pre-Farakka 


a 


386 


246 


215 


246 


433 




u 


2,724 


2,264 


1,860 


2,027 


1,390 




Return Period, Ti 


1.0 


1.1 


2.5 


2.6 


1.5 


Post-Farakka 


a 


572 


345 


305 


348 


441 




u 


1390 


988 


717 


720 


1088 




Return Period, T 2 


3.5 


19.3 


67.0 


40.0 


8.5 



Note: Tj and are in year. 



The G-K Project receives water to irrigate a 142,000 ha command area through the 
193 km long main canal. This is divided into three segments - the Khustia Canal, Ganges 
Canal and Alamdanga Canal. Irrigation water is distributed at field level through a network 
of 44 secondary canals and numerous tertiary and direct field canals. The main pumping 
plant for the G-K Project, located at Bheramara, consists of a main pump house with 
3 adjustable blade axial flow pumps each having 36.8 mVsec rated capacity at a 6 m lift. The 
subsidiary pump house is comprised of 12 pumps each having a rated capacity of 
3.5 mVsec. The G-K pump house at Bheramara was closed during dry seasons for five years 
(1992-1996) due to an extreme low flow in the Ganges River (EGIS, 2001). The main pump 
cannot draw water if the water level at the intake canal drops below 4.5 m+PWD. Figure 12.8 
shows a low water level situation at the G-K pump house for the year 1995. During the 
critical period of April and May, water levels were below the threshold level for 23 days. 



12.4 Adaptation and Coping Mechanisms: A Synthesis 

12.4.1 AGRICULTURE 

Diversion of the Ganges water, subsequent reduction of water flow in the Gorai and its 
eventual cutoff, increased salinity, decreased soil moisture and degradation of soil 
generated impacts on the agriculture sector in the Southwest region of Bangladesh. For 
example, the G-K Project, the largest irrigation project of the region, suffered such a setback 
that its pumping capacity was reduced by over 60% in the pre-kharif season due to the 
non-availability of water, resulting in losses in the total crop yield (Sir William Halcrow and 
Partners Ltd., 1993). Details of the effects on the agriculture sector are discussed in 
Chapter 9 on agriculture. 
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Figure 12.8. Water level at Bheramara pump house in the G-K Project in the dry season of 1995. 
Source: CEGIS, 2003a. 

Adaptation in the agriculture sector in the Southwest region in response to the 
reduction in surface water is constrained by a number of factors. First, availability of 
alternative sources of water is limited. Ground water and rain water are two alternatives 
sources to surface water. Although other regions of Bangladesh are blessed with plenty of 
ground water, the Southwest region is not. The usable ground water availability in the 
region is 1 ,958 million cubic meters (mcm), which is only 4% of the national usable ground 
water resources of 45,738 mcm (MPO, 1986; Mirza, 1998). Second, the problem of emerging 
ground water salinity is an obstacle to irrigation uses or expansion. Saheed (2000) reported 
about ingression of salty ground water into freshwater aquifers in the region due to 
overexploitation of ground water. Third, relatively low rainfall and high evapotranspiration 
create a high irrigation water demand. Total annual rainfall of 1 ,67 1 mm is mostly received 
during the summer monsoon. However, the Northern part is comparatively drier than the 
Southern part of the region. Mean annual excess potential evapotranspiration over rainfall 
is 400 mm-450 mm in the Northwest (Saheed, 2000). 

Despite the limitations, limited adaptation in crop agriculture has taken place in the 
Ganges basin, especially in the Southwest region. As surface water has become scarce, 
ground water pumping has increased significantly in the last two decades with the use of 
shallow- and deep-tube wells. In the early 1980s, there were only 2,808 shallow-tube wells 
in the Khulna division. By the end of that decade, the number of tube wells increased to 
11,095. Recently Saheed (2000) reported about 92,885 shallow-tube wells and 2,942 
deep-tube wells. During several field trips in 1 998- 1 999, the author found the presence of a 
large number of shallow-tube wells in the G-K Project, especially in the Southern part. Note 
that this part of the project receives less water compared to the upstream part of the project. 
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The rapid expansion of shallow- and deep-tube wells has emerged as a 
‘maladaptation’^ in many cases. Continued withdrawal of ground water, limited recharge 
and flow from the ground water table to the river as a ‘base flow’ have resulted in the 
lowering of ground water and the upcoming of saline water in different parts of the BChulna 
division (Saheed, 2000; Swain, 1996). The sinking of the ground water table became more 
frequent in the Khustia and Jessore Districts during the dry season. In many areas the 
water table dropped below 7 m from the pre-diversion period. It was also observed that the 
hand tube wells for drinking water were also affected by 30%- 1 00% (DPHE, 1 992). 

The deep sinking of ground water has caused unusual drying up of the upper solum 
and has induced wider and deeper cracking of smectite rich heavy clays of the Ganges 
River flood plain, affecting some 0.77 mha of land. This has made irrigation water 
management highly problematic due to the high percolation loss (Saheed, 2000). 

Arsenic contamination is another kind of side effect believed to have resulted from the 
excessive ground water pumping (MIT News, 2002). The Southwest region of Bangladesh 
is one of the areas severely affected by arsenic (Figure 12.9). At a research site located in 
the Southern part of Bangladesh, scientists calculated that the irrigation pumping, which 
began in the last several decades, has dramatically altered the ground water flow through 
the aquifer. The data indicates that the arsenic was mobilized largely by degradation of 
dissolved organic carbon by microbes. Some of the organic carbon appeared to have been 
drawn into the aquifer by irrigation pumping. There is evidence that arsenic has entered the 
food chain from the irrigated water (discussed in Chapter 9 on agriculture). The effects of 
arsenic on human health are significant. 

12.4.2 INDUSTRY 

Industry in the Southwest area is mainly comprised of small industrial units ( 1 0-20 persons 
employed). Large manufacturing units are located only in the larger towns. In Khulna, 
major industrial units are Khulna Newsprint Mills Ltd. and Goalpara Power Station. The 
region provides about 10% of the industrial output for Bangladesh (BBS, 2002). Factories 
require large quantities of water, for both cooling and for process purposes. For example, 
Khulna Newsprint Mills needs 300 tons of freshwater per day to generate steam and power. 
Power stations need-water for cooling purposes. At present the industrial demand for water 
is a problem mainly in Khulna where the Northward ingress of the saline wedge has 
reduced the ability for certain industries to use river water. 

Three different types of adaptation measures are in practice. First, during the dry 
seasons, Khulna Newsprint Mills imports freshwater for its boiler and cooling system from 
40 km upstream by means of burgees to avoid the threat of closing it down (Rahman, 1 984; 
Swain, 1 996). Second, as importation of large quantities of water is difficult on a daily basis, 
the factory is operated on a limited scale. Third, the Goalpara Power Station has adopted a 
“Change Use” type adaptation measure. The plant now relies on deep-tube well water and 



^ The notion of maladaptation refers to those actions that tend to increase vulnerability 
(Burton etal, 1998). 
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the use of extensive amount of chemicals to remove salinity and prevent corrosion (Swain, 

1996 ). 
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Figure 12.9. Arsenic affected areas of Bangladesh. 
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12.4.3 FISHERY 
12.4.3.1 Upstream in India 

In the last three decades, a reduction in fishery in the Ganges basin area upstream of the 
Farakka Barrage has been witnessed (Sinha and Khan, 2001 ; Prakash, 1998). The Ganges, in 
a 1 ,600 km stretch from Allahabad (India) to Bangladesh, provides economic sustenance to 
a fishing population of 10 million whose annual income (family) is US$ 700 (Das, 2003). 
Apart from water diversion and the obstruction caused by the barrage for migratory 
species, other causes of yield reduction are increasing pollution, mismanagement and 
overexploitation of flood plains. 

A dramatic decrease in the yield of major carp fishes was recorded by the Central 
Inland Fisheries Research Institute (CIFRI), Barrackpore, West Bengal. Patna has 
witnessed a fall of 69% in fish catch in a decade. Other sites show even larger catch 
decreases: Allahabad - 95%. Prakash (1998) estimated an overall decline of 75% in the 
population of fish upstream of the Farakka Barrage. Table 12.6 shows fish landing upstream 
of the Farakka Barrage. 



Table 12.6. Total fish catch (in metric tons) in the Ganges above Farakka 



Landing Center 


Year 


Sadiapur 


Daraganj 


Patna 


Lalgola 


1985 


132.90 


_ 


_ 


_ 


1986 


135.82 


- 


69.49 


- 


1987 


113.58 


32.76 


62.12 


- 


1988 


100.93 


28.03 


55.73 


- 


1989 


84.92 


25.44 


43.08 


48.03 


1990 


71.32 


22.24 


44.53 


71.42 


1991 


90.99 


23.66 


32.58 


73.66 


1992 


63.80 


26.20 


35.14 


75.81 


1993 


46.27 


25.85 


33.61 


93.93 


1994 


68.51 


29.60 


- 


81.06 


1995 


55.27 


21.93 


- 


133.52 



Source: Das, 2003. Reproduced with permission. 

In order to minimize the problem of fish migration (especially T. Illisha) after 
construction of the barrage, two fish locks were provided. They are located between the 
river sluice bays and spillway bays (i.e., between Bay Nos. 24 and 26). A high level of care 
was taken during the planning and the designing of the fish lock (Figure 12.10). CIFRI 
designed the lock based on the recommendations of the model studies carried out at the 
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River Research Institute (RRI), Haringhata, West Bengal. The following information was 
used to design the fish pass. 

i. Fish type, characteristics, habitats and environmental behavior 

ii. Economic considerations 

iii. Spawning behavior 

iv. Nature of migration including swimming of fish in groups or in lines, peak 
period of migration and maximum number of fish passing per hour. 

V. Normal swimming speed, darting speed, any preference for swim or jump and 

climbing capacity 

vi. Stimuli of the fish whether attracted by large volume of water or greater 
velocity. 




Figure 12.10. Fish lock of the Farakka Barrage. Source: Das, 2003. Reproduced with permission. 




Vulnerability to the Water Diversion 



111 



This barrage, in spite of the fish locks, has been consistently showing a decrease in 
fish catch upstream of the barrage. The most affected species is T. Illisha, which raises 
questions about the effectiveness of the fish locks. After the commissioning of the Farakka 
Barrage, the catch of hilsha in the upper stretches has decreased drastically due to 
blockade of its migratory route. At Buxar, further upstream, there has been a 98% reduction 
in hilsha catch between pre- and post-Farakka times (Sinha and Khan, 200 1 ). However, for 
landing station Lalgola (Figure 12.11), closest to the barrage in the upstream, the catch has 
gone up sharply (Table 12.6). The higher catch has resulted from the accumulation of fish 
that was intended to migrate to the upstream. The two other barrages on the Ganges, at 
Haradwar and on Yamuna at Tajewala, have been functioning for almost 100 years in the 
head reach and have proved detrimental to the migration of T Putitora in particular. A 
step-type fish ladder was incorporated in the barrage in Haradwar, but proved ineffective. 
On the Yamuna, a new barrage with 1 8 bays was constructed in 1 999 at Hatrikund. A 2 m 
wide denil type fish pass adjacent to the right divide wall was provided. Upstream 
migration of trost and T Putitora was subsequently observed (Das, 2003). 
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Figure 12. 11 . Major fish landing places on the Ganges River in India. Source: Das, 2003 . Reproduced 
with permission. 
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The reduction of commercially important fish catch created socio-economic and 
cultural complications. For example, this discourages younger generation of fisher folk 
from their age-old traditional source of livelihood. Over the last two decades, about 40% of 
the fishers upstream of Bihar left their generation old profession for other professions 
(Ganga Mukti Anadolon, 2003, personal communication). Other kinds of adaptation that 
fishers have adopted are to concentrate on low-priced fish as commercially important fish 
have become scarce. 

12.4.3.2 Downstream in Bangladesh 

The reduction in flows in the Ganges River in dry season and the drying up of its 
distributary the Gorai have impacted fish migration, reproduction, catch and consumption 
(details discussed in Chapter 9 on agriculture). Aquatic organisms have been impeded due 
to the decreased flow and stagnation of water in the form of a pool (very much visible in the 
Gorai) in the dry seasons. Increased water temperatures have resulted in a shortage of 
oxygen and unfavorable conditions for the riverine fishery (Swain, 1996). In the very first 
year of operation of the Farakka Barrage, at three landing points in Bangladesh - Khulna, 
Goalunda and Chandpur, the percentage reduction in the landing of the fish during 
February to June 1976 compared to the corresponding period of the previous years was 
75%, 34% and 46%, respectively (GOB, 1976). About 300,000 people are directly dependent 
and another 2.5 million people are indirectly dependent on fishery related professions in 
the Ganges basin in Bangladesh. Therefore, the loss of fish production has adversely 
affected the occupation of a large number of people. 

Over the years’ fisher communities in the Ganges basin, government institutions and 
non-government organizations (NGOs) have adopted a number of adaptation measures to 
ease the situation. First, a large number of fishers and their families opted to migrate 
somewhere else (attractive destination are towns) to earn livelihoods. Swain (1996) 
reported migration of 2,500 fishermen and their families from a single fishing village in 
Khustia. A large-scale displacement of fishers’ community was also reported by Deutsche 
Presse-Agentur (1995). 

Second, restoration of the Gorai River flows by dredging and the control of 
sedimentation (details of the restoration are discussed below). Dredging activities were 
carried out during 1 998-200 1 and the dry season flows in the Gorai River were restored with 
limited success. De Groot and Groen (200 1 ) reported a number of improvements in the river 
in the post-dredging activities, including the return of fishes. However, the magnitude and 
the species composition are not known. 

Third, switching over to alternative professions during dry season when fishing is not 
profitable or when there is no fish to catch. To explore this adaptation measure, a rapid 
survey was conducted in two fishing villages in the Ganges basin during May- June 2003. 
The results are presented in Table 12.7. The table shows that a high number of fishers in the 
Gorai River basin switch to alternative professions during the dry season. This is due to the 
very low flow situation during November-January and the no flow situation during 
February-May. In terms of choice of alternative professions, a higher number of fishers 
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work as seasonal agriculture laborers in the Ganges basin than the Gorai. The availability of 
work as an agricultural laborer is also constrained by the low supply of water to the 
Ganges-Kobadak (G-K) Irrigation Project. Due to non-availability of water, the G-K Project 
suffered such a setback that its pumping capacity was reduced by over 60% in the early 
nineties (Sir William Halcrow and Partners Ltd., 1993). The fishing village is located 
upstream of the project where the availability of irrigation water is more regular than in the 
downstream areas. 

Increased culture fishery is the fourth adaptation measure that occurred in the Ganges 
basin. In the upstream part of the basin culture, fishery is usually practiced in ponds and 
oxbow lakes. Three varieties of fish (Catla catla, Labeo rohita and Cirrhinus mrigala) are 
popular for their commercial value. In the coastal Southwest region of Bangladesh, prawn 
(Macrobrachium rosenbergi) culture has become very popular since the mid-seventies. 
The Khulna District alone has 2,089 fish farms (Ahmed and Shamsuddin, 2002). This is 
partially related to the Ganges water diversion due to the saline water intrusion, some lands 
became unusable for crop production. Many farmers (usually the rich) have converted 
their agriculture lands into prawn farms. Because of high profit margins, the decades of 
1 980s and 1 990s observed a mushroom growth of prawn farms in the region. Its expansion 
has not been achieved without adverse effects. It wiped out local varieties of flood plain 
fisheries and in many cases created zones of permanent saline lands (Ahmed and 
Shamsuddin, 2002). Armed conflicts between the rich and poor farmers are also very 
common, which often lead to fatalities (Ghafur, 1999). 

12.4.4 FORESTRY 

The Sundarbans are a unique and valuable ecosystem dominated by mangrove swamp 
forests. There are three distinctive zones in the Sundarbans depending on water salinity. In 
the upper, freshwater areas Heritieria fames (Sundari) is a dominant timber species. These 
areas also contain marginally salt tolerant forest species, including Euegnia fructicosa, 
Diospyros peregrina together with Bruguiera gymnorhiza and Xylocarpus mekongensis. 
The middle zone is generally characterized by Excoecaria agollacha, in varying 
combinations with Ceriops, Xylocarpus and Lumnitzera spp. The dominant species 
continue into the saltwater zone where Sonneratia, Avicennia and Rhizophora spp. are 
found (Sir William Halcrow and Partners Ltd., 1 993). More details are discussed in Chapter 
7 on ecosystems and Chapter 8 on watering the Bangladesh Sundarbans. 

The Sundarbans depend on freshwater supplies from upstream areas and rainfall, tidal 
flushing and fertilization by sediment deposition. Any modification of upstream and/or 
downstream water flow result in an increased rate of sedimentation (Wahid et al., 2002). 
If sedimentation rates increase, at the Northern end of the Sundarbans there will be a 
degradation of the forest as the flushing regimes will be lost. Lagooning and salt pan 
development will destroy trees, resulting in bare, salt-grass areas with minimal productivity 
(Sir William Halcrow and Partners Ltd., 1 993). 
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Two major adaptation measures have been designed and adopted to mitigate the 
effects of water diversion on the ecology of the Sundarbans. First, “threat” imposed by 
the diversion has been modified. For this purpose, the Government of Bangladesh planned 
and implemented the Gorai River Restoration Project with an objective to increase the 
supply of freshwater to the Sundarbans (see sub-section 12.4.5 below). Second, “research” 
programs have been initiated to study the complex interactions between freshwater 
and saline water and the Sundarbans ecosystems (Wahid et al, 2002; SWMC, 1995; 
OMfoy et al, 1985). 

Chaffey et a/. ( 1 985) first investigated the causes of “top dying” of “Sundari” (Heriteria 
fames) trees and inconclusively related it with the increased salinity. Sir William Halcrow 
and Partners Ltd. (1993) identified the cause as a synergistic effect of a number of factors 
including: salinity, sedimentation, cyclone damage, and accumulation of toxic elements 
from agricultural wastes and port damages. W^th the application of the MIKE 1 1 -GIS Model, 
the Institute for Water Modeling (IWM), Dhaka has initiated a research project to 
understand: (1) the dynamics of the water regime as determined by the behavior of tides 
and the inflow from the upstream rivers; and (2) the seasonal and long-term trends in the 
hydrology, together with saline processes to determine possible effects upon ecologically 
sensitive areas, the forest and aquatic resources in particular (Wahid et al , 2002). Khan and 
Vongvisessomjai (2002) found that for the Sundari habitat, the optimum surface water 
salinity range was 1 0 ppt- 1 5 ppt. Above 20 ppt Sundari growth and regeneration were poor. 
Even with a 254 mVsec flow scenario through the Gorai River, they found that in May, half 
of the Sundarbans area with salinity greater than 20 ppt was under threat for Sundari tree 
growth. 

12.4.5 RIVERRESTORATION 

Discharge records from the mid- 1940s to mid-1970s at the Gorai Railway Bridge gauging 
station show that the off-take closed in the dry season only on two occasions in the 1950s 
(Sarker, 1999). However, due to the reduced dry season flow and the quicker recession of 
floodwater in the Ganges in the post-Farakka period, dry season flow through the Gorai 
was affected significantly. From 1988 onward, the Gorai began to close completely at times 
during the dry season every year (for details see Chapter 4 on morphology). As the flow of 
the Gorai has a very high level of significance for agriculture, salinity control and the 
Sundarbans mangrove forest, a plan for restoration of the river flow was commissioned. 

The Gorai River Restoration Project is comprised of the following components: 
(i) construction of river training works at the off-take of the Gorai River including the 
construction of a flow divider, Ganges-Gorai revetment, river dredging in the off-take area, 
river dredging between Khustia and the Gorai Railway Bridge; and (ii) construction of a 
river training works for the Gorai River including construction of new groynes at Khustia, 
construction of groynes on the right and left bank of the river referred to as Gorai groynes, 
construction of new groynes at Kumarkhali and reconstruction of an existing groynes and 
all temporary works (DgMarket, 2003). 
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Dredging work started in 1998 and the three phases of the project were completed by 
the end of 2001. During the first season, two cutter section dredgers were used to dredge 
some 9.2 million cubic meters of material; 5.8 million cubic meters and 3.4 million cubic 
meters were removed in the second and third seasons, respectively (de Groot and Groen, 
2001 ). 

At the end of the monsoon in October 1 998, the dredging work began at the bifurcation 
where the Gorai branched out of the Ganges (Figure 12.12). At that point a large amount of 
sedimentary sand was blocking the stream of water into the Gorai. A new low-water 
channel was dredged at this fork in the river. The dredging of the channel continued in a 
downstream direction, until the low-water discharge of the river was restored. The final 
length of the dredged low-water channel reached a distance of about 20 km from the fork of 
the Gorai branch and the Ganges. The dredged sand was placed within the high-water 
banks, so that the high-water bed was narrowed and the flow channel was deepened. In 
1 999, with less effort than the first time, the low- water discharge of the Gorai was restored 
for a second time. After the third dredging season (October to mid-September, 2000), the 
low-water discharge restored itself again, while the dredging effort itself lessened. The 
condition of the river again demonstrated further general improvement (de Groot and Groen, 
2001). 




Figure 12. 12. Bifurcation area of the Ganges and Gorai. 



Despite the decreasing volumes of sand dredged, the results in terms of low-water 
discharge through the Gorai have remained the same. Soundings taken from the riverbed 
indicate that the river is slowly restoring itself in response to dredging. Despite restoration 
of low-water discharge by dredging, its continuation by natural processes cannot 
be predicted due to the year-to-year varying characteristics of the monsoon, the 
ever-changing configuration and heading of the Ganges main channel upstream, the 
bifurcation and the shape of the bifurcation area that have great influences on the 
sedimentation pattern of the river (de Groot and Groen, 2001). 



Vulnerability to the Water Diversion 



211 



12.4.6 NAVIGATION 

The reduced dry season flow and the drying up of the Gorai off-take have affected 
waterways. Upstream diversion has impacted three sections of the waterways in the Ganges 
system. They are: the Ganges River upstream from Bangladesh-India border to the confluence 
of the Ganges-Brahmaputra Rivers; the Gorai River from its off-take from the Ganges up to 
Kamarkhali Ghat; and the Madhumati River downstream from the Kamarkhali (Figure 12.13) 
(Mirza, 1 998). The required navigation drafts for these three routes are shown in Table 12.8. 

Four types of adaptation measures are being implemented to reduce the effects of loss 
of draft and navigation routes. First, changing the use of transport modes for goods 
transportation from the Southwest to Northwest and other regions. In case of closure of 
the Paksey ferry ghat on the Ganges, goods are transported via roads and railways, 
involving greater expenditure. Second, shifting the location of the ferry ghat is another 
measure to cope with the situation. However, it incurs a large cost for the Bangladesh 
Inland Water Transport Authority (BIWTA). Third, modifying the threat of ferry/water 
transport accidents by imposing “draft restrictions”. Ferries and water transports with a 
certain range of drafts are not allowed to ply in the three navigation routes of the Ganges 
system. Fourth, bearing loss requires dredging of the navigational channels. For example 
in 1 997- 1 998, the BIWTA spent US$ 32 million to carry out dredging operations in Bangladesh 
(BBS, 1999). 

12.4.7 EROSION AND POPULATION DISPLACEMENT 
12.4.7.1 Upstream in India 

Between Rajmahal in Bihar and Jallingi Bazar, Murshidabad near the Bangladesh border, 
the total stretch of the Ganges River is 1 57 km. The Farakka Barrage has divided this stretch 
into two halves: (i) 55 km upstream of the barrage in the Malda District and (ii) 102 km 
downstream of the barrage in the Murshidabad District. Heavy erosion along the left bank 
of the Ganges in the Malda District and along the right bank of the Murshidabad District 
has been occurring, and a huge chunk of land is eroded away every year (Lok Sabha 
Proceedings, 2003). Erosion destroys crops and human settlements. The Ganges is moving 
towards Malda, and the district town is in grave danger. “. . .the planning of the Farakka 
Barrage was faulty and it was at the root of the problem. In Fajilpur, the gap between the 
Ganga and the Padma is minimum. If the two rivers merge, the water will wash away Kolkata 
Port.”' 



' For details see The Telegraph, January 20, 2003 for the statement made by the Chief Minister of 
West Bengal, India. 
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Figure 12.13. River navigation routes in Bangladesh. Source: CEGIS, 2003b. 
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Table 12.8. Navigation routes and the required drafts 



Navigation Route 


Class 


Required Draft 


Ganges up to its confluence with the 
Brahmaputra 


IV 


1 m 


Gorai from off-take to Kamarkhali 
Ghat 


IV 


1 m 


Madhumati downstream from 
Kamarkhali 


IV 


1 m 



Source: MPO, 1986. 

The adaptation measures regarding erosion are mostly reactive in nature although 
some planned measures are also adopted. They are: First, to look into the excessive bank 
erosion in the districts of Malda and Murshidabad, the Planning Commission of India set 
up an expert committee with Member (River Management), Central Water Commission as 
its Chairman. The Commission recommended long- and short-term measures costing 
Rs. 9,270 million (US$ 202 million) out of which short-term measures cost Rs. 3,1 50 million 
(US$ 68 million) (MWR, 2001). Second, in order to protect Malda from erosion and floods, 
especially after the commissioning of the Farakka Barrage, retired embankments with 
boulder masonry works and falling aprons constructed many times on the left bank of the 
Ganges. Retired embankments are rebuilt after they are eroded by the Ganges. An eighth 
retired embankment is now in place (IWD, 2003), however because of continuous erosion, 
a ninth one will soon be required. Third, the protection works on the right bank of the 
Ganges downstream of Farakka in the Murshidabad District was taken up in the year 2000. 
Similarly, protection works against bank erosion on the right bank of the river along Left 
Afflux Bundh of Jangipur Barrage for a total length of 16.3 km was undertaken for 
implementation (MWR, 2000). 

Although erosion on the left and right bank of the Ganges River have been destroying 
crops and displacing population, no information is available on how these problems are 
currently being tackled. 

12.4.7.2 Downstream in Bangladesh 

Erosion is highly pronounced in the 138 km long reach between Farakka Barrage and the 
Hardinge Bridge. In the Bangladesh territory, the length of this reach is 120 km. However, 
erosion in the reach between Hardinge Bridge and Aricha is not as severe as the upstream 
reach. Sinuosity between the locations of the Farakka Barrage and the Hardinge Bridge was 
around 1.20 for 200 years (1780-1973), and increased to 1.37 in the last 30 years due to 
higher rates of erosion. However, sinuosity has remained the same at the lower reach in the 
post-Farakka period (see Chapter 4 on morphology in this book). Upstream of the Hardinge, 
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Rajshahi town has always been at danger due to the massive erosion. 

No information is available on the adaptation/coping mechanisms adopted by the 
erosion displacees in the Ganges basin. However, Haque (1997) reported three types of 
adaptation measures bearing the loss, reduction of loss and change use/location in the 
erosion prone areas in the nearby Brahmaputra basin. In the context of general 
socio-economic constraints in Bangladesh, one can expect a similar pattern of responses in 
an erosion prone area in the Ganges basin. Haque (1997) observed some noticeable changes 
when comparing the results of two surveys conducted in 1985 and 1995. In the later year, 
more people tended to stay at home until the onset of the erosion disaster. “. . .Such a shift 
in the response pattern is indicative of the desperation of flood plain inhabitants in holding 
to their survival means in recent years (Haque, 1997, p.236).” In 1995, moving family and 
belongings to a safer area was the most frequent measure among the displacees. 

Erosion in the vicinity of Rajshahi town is being controlled by groynes, sloping aprons 
and the dumping of very large boulders. Railway bogies are also dumped in cases of severe 
erosion, especially during a high flood. The purpose is to deflect very high velocity 
currents. The annual maintenance cost of the town protection work is in the range of Taka 
10 million-50 million (US$ 0.2 million- 1 .0 million) (BWDB, personal communication, 2003). 



12.5 Cost of Adaptation 

This section discusses the cost of adaptation to reduce vulnerability to the Ganges water 
diversion in the upstream parts of the basin and impacts. Estimates of the complete 
adaptation cost requires a thorough analysis and this is beyond the scope of this chapter. 
The complete elimination of vulnerability and impacts are not possible by implementation 
of engineering and non-engineering adaptation measures. Various factors are associated 
with this. They are: lack of long-term commitment by India to share the Ganges water, 
maintenance of the historical flow at Farakka, the success of engineering interventions, the 
resiliency of the physical systems, operation and maintenance and the market price of 
agricultural products. 

To reduce the adverse effects of water diversion, two major engineering projects the 
Gorai River restoration and the Ganges barrage were considered. The former project was 
launched in the late 1 990s where activities were limited to only dredging works. The DgMarket 
(2003) estimated fiill implementation of the project at US$ 180 million exclusive of the 
operation and maintenance cost (see sub-section 12.4.5 for description of the project). 
If the engineering structures could not be implemented due to a lack of mobilization of 
the required money, the dredging cost per season is estimated to be approximately 
US $ 8.5 million (Dredging News Online, 2002). Mobilization of this amount money every 
year is certainly difficult for Bangladesh. The Dutch Government supported the first three 
years dredging cost and made a US$ 4.5 million commitment for 2002 - the fourth dredging 
season. Belgium provided a soft loan of US$ 2.1 million (Dredging News Online, 2002). 
However, long-term continuous financial support for dredging is not guaranteed. The 
estimated cost of the Ganges barrage project would be somewhat US$ 1 , 1 00 million at 2002 
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prices (BSS, 2002). In Khulna division in the Ganges basin, there were about 93,000 
shallow-tube wells and 3,000 deep-tube wells. The estimated installation cost per 
shallow-tube well and deep-tube well is US$ 200 and US$ 10,000, respectively. Therefore 
the total installation costs are estimated at US$ 48.6 million. Had a regular supply of water 
been available from the Ganges and Gorai systems in the region, these tube wells would not 
have been required. 



12.6 Concluding Remarks 

Diversion of the Ganges water through engineering structures has modified the 
hydrological events in the upstream and downstream parts of the river basin. The 
modifications have created additional vulnerability for the human and natural systems. In 
the event of exposure to such events (either natural or man-made) and subsequent impacts 
or effects, natural and human systems start responding. Recovery of a system depends on 
the magnitude of impacts/effects and resiliency. 

Increased flooding events in areas upstream of the vicinity of the Farakka Barrage and 
hydrological droughts in the downstream areas have caused irreparable damage to natural 
systems. Heavy siltation in the mouth of the Gorai River and its subsequent closure 
requires human intervention. Although in the past the Gorai mouth was closed on one 
occasion, the system recovered naturally. Bringing salinity levels back to the pre-diversion 
period will not happen in the near future. Adaptation measures for the fishery sector in 
both upstream and downstream areas are also inadequate and the problem is complex to 
address. Farmers in the Ganges basin in Bangladesh have adopted some innovative 
adaptation/coping mechanisms to survive, however, the sustainability and economics of 
such measures deserve detailed examinations. 

Most of the adaptation measures adopted in the human and socio-economic sectors 
are spontaneous, although some planned adaptation measures have also been implemented. 
In a situation of continued low water flow, increased flooding and erosion threat, the 
coping mechanisms and adaptation measures have proven to be inadequate to reduce 
vulnerability. In the downstream areas, increased flow in the Ganges River through 
implementation of proper augmentation measures (for details see Chapter 13 on the risk 
assessment of the Ganges Water Treaty and Chapter 14 on regional cooperation) and 
complete restoration of the Gorai may improve the situation. However, the natural system 
may take a long time to recover from the damage inflicted. In the upstream areas, increased 
flooding in the Malda District and the continued erosion in the vicinity of the Farakka 
Barrage deserve a comprehensive scientific investigation. Cooperation among the 
co-riparian countries in terms of designing and implementing successful adaptation and 
coping mechanisms can reduce vulnerability. 
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Annex 12. 1. Statistical Method for determining probability of Occurrence of a Threshold Discharge 
The normal probability density function is 



L(x) = 
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The Gumbel Type I distribution (EVl) cumulative density function is: 



X — u 

F(x) = exp[-exp( )] _ oo < jc < 

a 



12.3 



where F{x) is the probability of a high discharge Q<x and a and u are scale parameter and 

location parameter, respectively. Defining 5* as standard deviation and X as mean, the 
expressions for a and u are as follows: 



a- 






n: 



12.4 



u = X - 0.5772a 



12.5 



With a finite sample, the mean and standard deviation can be estimated from the mo- 
ments of the data sample. The probability model now can be obtained by substituting the 
value of a and u in equation 12.3. Return period of a discharge Q = x can be estimated 
from the following relationship. 



J = I-F(x) 



12.6 
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13.1 Introduction 

Sharing of the Ganges water was a subject of bilateral dispute between Bangladesh and 
India for more than three decades. Before the emergence of Bangladesh in 1971 as an 
independent nation, Pakistan and India wrangled over it for 20 years. The sharing problem 
seriously arose in 1 974 when India had completed a barrage on the Ganges River at Farakka 
(18 km from the West border of Bangladesh) to divert 1,134 mVsec of water to the 
Hooghly-Bhagirathi River, in order to make the port of Kolkata navigable by flushing down 
the silt that deposited over the centuries in the riverbed (Figure 13.1) (for details see 
Chapter 1). It was discussed at a meeting Head of the States of India and Bangladesh in 
1974 (Abbas A.T., 1982). 

With the flow of the Ganges River at Farakka ranging between 1,400 mVsec- 
1,550 mVsec during the middle of April to early May, the diversion would leave only 
266 mVsec-416 mVsec for Bangladesh. The barrage was commissioned in April of 1975 
under a 4 1 -day (April 2 1 -May 31) temporary agreement. Under this agreement, Bangladesh 
received about 75% of the flow for the agreement period and the remaining 25% went to 
India. However, this agreement was not renewed upon expiry on May 31, 1975. In 
November of 1977, both countries signed a 5-year agreement which expired in 1982 
(Abbas A.T., 1982; Mirza, 1998). Under this agreement, the water shared between Bangladesh 
and India would be at a ratio of 60:40. After expiry of the 1 977 agreement, two memoranda 
of understanding were signed in 1982 and 1985. The second memorandum of 
understanding expired in 1988 and there was no sharing agreement between the two 
countries during 1989-1996. During the non-agreement period, water was diverted at Farakka 
unilaterally. In December of 1 996, Bangladesh and India signed a 30-year Treaty on sharing 
the dry season (January-May) discharge of the Ganges River (Dixit and Mirza, 1 997). In the 
Treaty, the overall ratio of water-sharing is 52:48 for Bangladesh and India (Salman, 1998). 



^ Reproduced with the permission of Inderscience Enterprises Ltd., Oxford, U.K., with slight 
modifications from the International Journal of Water 2(1), 2002. 
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Figure 13.1. The Ganges Basin and the Farakka Barrage. 

In the Treaty, the “Farakka” was chosen as the point for the water-sharing. For this 
purpose, the entire dry season (January-May) was divided into fifteen 10-day cycles. 
Discharge values for the period 1949-1988 were considered as the basis of sharing 

by taking the average of the pre-Farakka (1949-1973) and post-Farakka (1975-1988) 
discharge values (Mirza, 1997). However, averaging the discharges of these two periods 
was inappropriate because the analysis shows that in the post-Farakka period (1975-1 988), 
the dry season discharge of the Ganges River was reduced due to the upstream withdrawal 
for irrigation and other purposes (Table 13.1). Between 709 mVsec and 1 ,276 mVsec of water 
are reportedly being withdrawn in Uttar Pradesh and Bihar, India through various lift 
irrigation projects in the dry season (Banerjee, 1997). The Treaty negotiators did not take 
this longer-term reduction in the dry season discharge into account. In the dry season of 
1997, within one month of the enforcement of the Treaty, the sharing arrangement failed for 
a period from February 1 1 to May 10 because of a very low flow (between 1,134 mVsec- 
1 ,4 1 7 mVsec) in the Ganges River at Farakka (Salman, 1 998; Mirza, 1 997). On March 27, the 
Ganges flow at Hardinge Bridge in Bangladesh was recorded to be only 1 84 mVsec when it 
was expected to be 841 mVsec as per the Ganges Treaty (Khan, 1997). News media in 
Bangladesh also reported a partial failure of the sharing arrangement in the dry season of 
2001 (Prothom Alo, 2001a). Note that here failure refers to non-occurrence of the magnitude 
of discharge agreed upon in the Treaty. During the dry season of 2001, average discharge 
of Farakka was 425 mVsec smaller than the average of 1 996-2000 (Prothom Alo, 200 1 b). 

In the last five dry seasons (1997-2001) since the signing of the Treaty, the sharing 
arrangement failed twice (Annex I of the Treaty is given in Annex 13.1). In the future, 
increased withdrawal of water in the upstream of Farakka will put Bangladesh and India at 
a greater risk of not receiving the stipulated water negotiated in the Treaty. This article 





Risk Analysis of the Ganges Water Treaty 



289 



analyses the risks of failure to meet the discharge values upon which the Treaty was 
negotiated by determining their probability of occurrence in the context of 1975-1988 
(post-Farakka) discharge and future hypothetical withdrawal scenarios. 

Table 13.1. 10-day mean discharge (in mVsec) of the Ganges River at Farakka 



Period 


1949-1973 


1975-1988 


1949-1988 


1991-1995 


Jan 1-10 


3,120 


2,913 


3,048 




Jan 11-20 


2,860 


2,598 


2,769 


- 


Jan 21-31 


2,668 


2,346 


2,555 


- 


Feb 1-10 


2,552 


2,252 


2,447 


- 


Feb 11-20 


2,451 


2,161 


2,350 


- 


Feb 21-28/29 


2,328 


2,082 


2,242 


- 


Mar 1-10 


2,197 


1,946 


2,109 


1,842 


Mar 11-20 


2,044 


1,786 


1,954 


1,701 


Mar 21-31 


1,944 


1,629 


1,834 


1,531 


Apr 1-10 


1,874 


1,637 


1,791 


1,446 


Apr 11-20 


1,785 


1,757 


1,775 


1,474 


Apr 21-30 


1,640 


1,893 


1,729 


1,446 


May 1-10 


1,806 


2,092 


1,906 


1,616 


May 11-20 


1,992 


2,260 


2,086 


1,814 


May 21-31 


2,196 


2,549 


2,320 


2,041 



Note: Data for 1974, 1989-1990, and January, February data for the period 1991-1995 were 
unavailable. 



13.2 The Data 

The 10-day mean discharge data for the period 1975-1988 and 1991-1995 were collected 
from the Indo-Bangladesh Joint Rivers Commission (JRC), Dhaka and Banerjee (1997), 
respectively. Data for the period 1949-1973 were derived from Annex II of the Ganges 
Water-Sharing Treaty. 



13.3 The Analytical Methods 

The analysis was carried out in three steps in order to determine the risk of failure to meet 
the mean discharge values upon which the Treaty was negotiated. First, the means of 
pre- and post-Farakka periods were compared to determine the changes in the dry season 
discharge in the post-Farakka period. Second, the probability plot correlation coefficient 
(PPCC) between the order of observations (10-day mean discharge values for the period 
1975-1988 or Q 1975 . 1988 ) and their corresponding fitted quantiles were determined to choose 
the best fitted distribution. Third, the selected distribution was then used to determine the 
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probability of the or the threshold discharge with respect to the 1975-1988 aver- 
age discharge and scenario discharge values. For each of the 10-day periods agreed upon 
in the Treaty, five hypothetical scenario discharge values were generated from the 1975- 
1988 average discharge by reducing it by 5%, 10%, 15%, 20% and 25%. Pj is defined as 
the expected probability: 



(P = — = — — ) 

^ ^ T 2.33 ^ 

of the or threshold discharge. P^ is the probability of occurence of the with 
respect to Qi 975 ., 98 g and the scenario discharge values. Risk factors were then determined as 
a ratio of P^ and which illustrates the uncertainty of occurrence of the quantum of water, 

agreed upon in the 1996 Ganges Water-Sharing Treaty. 

13.3.1 DETERMINATION OF CHANGES INTHE POST-FARAKKADISCHARGE 

The mean values of the data for various periods are given in Table 13.1 which shows 
changes in discharges in the post-Farakka period. In the period 1975-1988, the highest 
decrease occurred for March (13%) followed by February (12%). Overall, the April and 
May discharges show some increases. However, in the period 1991-1995, discharge values 
from March through to May show a further decrease. When compared with those of 
1 949- 1973, the reduction is 1 8%, 1 7% and 9% for March, April and May, respectively. 

13.3.2 CHOICEOFFREQUENCYDISTRIBUTION 

Equation (13.1) (Annex 1 3 .2) is used to calculate the probability plot correlation coefficient 
(PPCC) between the order of observations and their corresponding fitted quantiles 
determined by a plotting position from a postulated distribution (Stedinger et aL, 1993). 
The r is simply a measure of the linearity of the probability plot, which indicates the 
adequacy of a fitted distribution. A value of the PPCC near 1.0 suggests that the 
observations could have been drawn from the fitted distribution (Vogel and Kroll, 1989). 

Table 13.2 shows the probability plot correlation coefficients, r for Normal (N), 
Log-Normal (LN), Gumbel, and Generalized Extreme Value (GEV) distributions of 
post-Farakka discharge values at Farakka as well as the means and standard deviations 
(STDEV) of those correlation coefficients. The means and STDEV of probability plot 
correlation coefficients (in bold) are equal for the Gumbel and GEV distributions. The 
Log-Normal distribution is the second best fit. The FEC (1989) (FEC, 1989) recommended 
the use of Gumbel distribution for the Ganges River in Bangladesh for discharge frequency 
analysis. Therefore, based on the present analysis and the FEC (FEC, 1989) 
recommendation, the Gumbel distribution was chosen for the analysis. The critical value of 
r for the Gumbel distribution for n= 1 4 was interpolated (Vogel, 1986). The calculated values 
of r (Table 1 3 .2) were found to be higher than the critical value of 0.92. 
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Table IS. 2. The PPCC for N, LN, Gumbel and GEV distributions 



Period 


N 


LN 


Gumbel 


GEV 


Jan 1-10 


0.96 


0.97 


0.99 


0.99 


Jan 11-20 


0.96 


0.97 


0.98 


0.98 


Jan 21-31 


0.98 


0.99 


0.98 


0.99 


Feb 1-10 


0.98 


0.96 


0.95 


0.99 


Feb 11-20 


0.96 


0.96 


0.97 


0.96 


Feb 21-28/29 


0.94 


0.97 


0.96 


0.96 


Marl-10 


0.93 


0.95 


0.96 


0.96 


Mar 11-20 


0.94 


0.97 


0.98 


0.99 


Mar 21-31 


0.98 


0.99 


0.98 


0.99 


Aprl-10 


0.96 


0.98 


0.99 


0.99 


^r 10-20 


0.97 


0.98 


0.98 


0.98 


Apr21-30 


0.98 


0.99 


0.98 


0.99 


Mayl-10 


0.98 


0.990 


0.99 


0.99 


MaylO-20 


0.98 


0.98 


0.97 


0.98 


May 21-31 


0.96 


0.98 


0.99 


0.99 


Mean 


0.96 


0.97 


0.98 


0.98 


STDEV 


0.018 


0.012 


0.012 


0.012 



13.3.3 DETERMINAnON OF PROBABILITY OF OCCURRENCES OF Q WITH 

RESPECTTOTHE 1975-1988 DISCHARGE 

Probability distribution function of the Gumbel distribution Equation (13.9) was used to 
determine the probability of distribution of the threshold discharge values of the Treaty 
shown in column 4 of Table 13.1 with respect to the 1975-1988 dry season discharge of the 
Ganges at Farakka. The results are presented in Table 13.3 which shows a low probability of 
occurrence, in other words, a high probability of non-occurrence of the threshold 
discharge values from January 1-10 cycle to the April 11-20 cycle. Individually, March 
21-31 cycle is the worst followed by the January 21-31 cycle and then the February 1-10 
cycle. 

13.3.4 DETERMINAnON OF PROBABILITYOF OCCURRENCES OF Q WITH 

RESPECTTO SCENARIO DISCHARGE AND RISKFACTORS 

Mirza et al (1998) analyzed precipitation regime of the entire Ganges basin and found no 
significant decrease or increase (Figure 13.2). Therefore, it can be concluded that the dry 
season discharge of the Ganges has probably been decreasing mainly due to an increased 
rate of withdrawal in the upstream areas in Uttar Pradesh and Bihar. The withdrawal issue 
is also acknowledged in Article II of the Ganges Treaty (see Annex I at the end of this book) 
which states “Every effort would be made by the upper riparian to protect flows or water at 
Farakka as in the 40-years average availability...”. The possible future probability of 
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occurrence of the threshold discharge values agreed upon in the Treaty with 

respect to the scenario discharge values. Although the calculated probability values are 
merely scenarios, they will be useful for future negotiations as well as for water resources 
planning and development in Bangladesh. These will have also implications for the port of 
Kolkata. 

Table 13.3. Probability of occurrence of the threshold discharge values of the Treaty with 

respect to the 1975-1988 discharge values 



Period 


STDEV 
(in m^/sec) 


Fx(x) 


P 


T 


Jan 1-10 


463 


0.68 


0.32 


3.12 


Jan 11-20 


412 


0.72 


0.28 


3.55 


Jan 21-31 


379 


0.76 


0.24 


4.14 


Feb 1-10 


358 


0.76 


0.24 


4.10 


Feb 11-20 


406 


0.73 


0.27 


3.76 


Feb 21-28/29 


480 


0.69 


0.31 


3.26 


Mar 1-10 


474 


0.70 


0.30 


3.30 


Mar 11-20 


348 


0.74 


0.26 


3.83 


Mar 21-31 


306 


0.79 


0.21 


4.72 


Apr 1-10 


356 


0.72 


0.28 


3.62 


Apr 11-20 


400 


0.59 


0.41 


2.43 


April 21-30 


436 


0.40 


0.60 


1.67 


May 1-10 


369 


0.34 


0.66 


1.52 


May 11-20 


417 


0.38 


0.62 


1.62 


May 21-31 


577 


0.39 


0.61 


1.65 




1870 1890 1910 1930 1950 1970 1990 



Year 



Figure 13.2. Precipitation departure in the Ganges Basin in India (1871-1999). Horizontal black 
lines indicate ± one standard deviation. 
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Table 1 3 .4 shows various magnitudes of probability values with regard to the scenario 
discharges. Of the total fifteen 10-day cycles considered for this analysis, seven are very 
critical (in bold in Table 1 3 .4). Probability of £ 0.20 for a 5% reduction in Qi 975 ., 98 g is 

defined as critical. The patterns shown in Table 1 3 .4 are more clearly visible in the risk factor 
diagrams (Figures 13.3, 13.4, 13.5, 13. 6 and 13. 7). In these figures the risk factor on the y-axis 
indicates the times of decreases in the chance of the occurring with specified 

decreases in the mean discharge values of the period 1975-1988 (Qi 975 _i 988 )- The risk factors 
(Pj/P^) increases at an exponential rate with the rate of decreases in the Qi 975 _i 988 - 
Comparatively, the three 1 0-day cycles (Jan 21 -31, Feb 1-10 and March 2 1 -3 1 ) are found to 
be the worst affected. For a 25% decrease in the mean 10-day discharge, the risk factor is 
1 0.7 for Jan 21-31 and Feb 1 - 1 0. This means that probability of occurrence of for these 

periods will be 11 times smaller than the expected probability. For March 21-31 the risk 
factors were 8.7 and 5.2, respectively. The 10-day cycles are ranked according to high to 
low risk factors in a given month and are shown in Table 13.5. 

Table 13.4. Probability of occurrence of the threshold discharge (Q^^eaty) ^^der future scenarios 
P values refer to 5%, 10%, 15%, 20% and 25% decreases in the 1975-1988 discharge values 



Period 


Qlreaty 


F5% 


Pio% 


Pl5% 


P20% 


P25% 


Jan 1-10 


3,048 


0.23 


0.16 


0.12 


0.08 


0.06 


Jan 11-20 


2,769 


0.20 


0.14 


0.10 


0.07 


0.05 


Jan 21-31 


2,555 


0.17 


0.12 


0.09 


0.06 


0.04 


Feb 1-10 


2,447 


0.17 


0.12 


0.08 


0.06 


0.04 


Feb 11-20 


2,350 


0.20 


0.15 


0.11 


0.08 


0.06 


Feb 21-28/29 


2,242 


0.24 


0.19 


0.15 


0.12 


0.10 


Mar 1-10 


2,109 


0.24 


0.19 


0.16 


0.13 


0.10 


Mar 11-20 


1,954 


0.20 


0.15 


0.11 


0.09 


0.07 


Mar 21-31 


1,834 


0.16 


0.12 


0.09 


0.06 


0.05 


Apr 1-10 


1,791 


0.21 


0.17 


0.13 


0.10 


0.08 


Apr 11-20 


1,775 


0.33 


0.26 


0.21 


0.17 


0.14 


April 21-30 


1,729 


0.50 


0.41 


0.33 


0.26 


0.20 


May 1-10 


1,906 


0.53 


0.40 


0.30 


0.22 


0.16 


May 1 1-20 


2,086 


0.49 


0.38 


0.29 


0.21 


0.16 


May 21-31 


2,320 


0.51 


0.41 


0.33 


0.26 


0.20 



The risk factors for the scenario discharge values can be compared with the 1 99 1 - 1 995 
mean discharge values at Farakka (Table 13.1). The available data shows that during 
1991-1995 period, the average March discharge was reduced by 6% from the 1975-1988 
level. Discharge values for April and May were reduced by 18% and 21%, respectively. 
Therefore, for these two months, the risk factors are very close to the highest scenario 
(25% decreases in 1975-1988 mean discharge). Although, on average, the March discharge 
was reduced by only 6% during 1991-1995, chances of occurrence of the Treaty discharge 
values were reduced to half Further reduction will put both countries at a greater risk of not 
receiving the stipulated discharge of the Treaty. Possible loss and gain of water for India 
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and Bangladesh under the scenario discharge and Annex I (see Annex 13. 1) of the Ganges 
Water-Sharing Treaty are shown in Table 13.6. 




Figure 13.3. Risk factors (P 1 /P 2 ) for the threshold discharge for January. 




Figure 13.4. Risk factors (P,/P 2 ) the threshold discharge (Qj^eaty) February. 






Risk Factor (P 1 /P 2 ) ^ Factor (P,/P 2 ) 
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13.5. Risk factors (P 1 /P 2 ) for the threshold discharge (Qx^aty) March. 




Figure 13.6. Risk factors (P 1 /P 2 ) for the threshold discharge (Qj^eaty) for April. 
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% Change in Mean Discharge (1975-1988) 



Figure 13. 7. Risk factors (P,/P 2 ) for the threshold discharge (Qj^eaty) 

Table 13.5. Rank of the 10-day cycles of the Ganges water sharing treaty with regard to risk factors 



Rank 1 


Rank 2 


Rank 3 


January 21-31 


January 11-20 


January 1-10 


February 1-10 


February 1 1-20 


February 21-28/29 


March 21-31 


March 1 1-20 


March 1-10 


April 1-10 


April 11-20 


April 21-30 


May 1-10 
May 11-20 


May21-31 





13.4 How to Reduce the Risk? 

Agriculture, fisheries, navigation and salinity control in the Ganges basin in Bangladesh is 
largely dependent on regular water supply from the Ganges River (Mirza, 1997). On the 
other hand, the Ganges is the only source of water for maintaining navigability of the 
Hooghly River in India on which the port of Kolkata is situated (Rangachari and Iyer, 1 993). 
Therefore, the availability of adequate water at the Farakka point is a must to meet water 
requirements for Bangladesh and India. The problem of shortage of water at Farakka point 
was recognized in the 1977 Agreement and in the 1 996 Treaty and the need for a solution in 
the mutual interest of the people of the two countries was underscored (Dixit and Mirza, 
1997). Therefore, reduction of risk or successful implementation of the sharing mechanism 
of the Ganges Treaty depends on the augmentation of dry season discharge at Farakka. 
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Table 13. 6. Possible loss and gain of water for India and Bangladesh in various 10-day cycles under 
scenario discharge values 



Period 


India 


Bangladesh 


Rank 1 


January 21-31 


+ 


- 


February 1-10 


+ 


- 


March 21-31 


+ 


- 


April 1-10 


- 


+ 


May 1-10 




- 


May 11-20 


- 


+ 


Rank 2 


January 11-20 


+ 


- 


February 1 1-20 


+ 


- 


March 11-20 


- 


+ 


April 11-20 


- 


+ 


May 21-31 


+ 


- 


Ranks 


January 1-10 


+ 


- 


February 21-28/29 


+ 


- 


March 1-10 


+ 


- 


April 21-30 


- 


+ 



For augmenting the dry season flow of the Ganges, two proposals were discussed 
afterthe signing ofthe 1977 Ganges Agreement (Figure 13.8). They were: inter-basin water 
transfer and the construction of storage reservoirs in India and Nepal. Three inter-basin 
water transfer proposals were discussed. First, India’s proposal to transfer 2,830 mVsec 
water from the Brahmaputra River to the upstream of the Farakka Barrage through a 320 km 
long canal part which was to be built within Bangladesh. It was linked to India’s proposed 
construction of major reservoirs and hydropower facilities on the Dihang and Subansiri 
Rivers on the Brahmaputra system, and at Tipaimukh on the Meghna/Barak Rivers. The 
Government of India has recently approved the Tipaimukh project. In addition to water 
supply, this proposal had a hydropower generation potentiality of 7,898 MW (GOB and 
GOI, 1 990). Second, transfer of 368 mVsec water from the Sunkosh River (a tributary of the 
Brahmaputra) in Bhutan to the upstream of Farakka by digging a 143 km long channel. 
Third, the transfer of water from the Brahmaputra to the Ganges entirely within the 
boundaries of Bangladesh. 

India’s proposal of constructing a canal linking the Ganges and Brahmaputra Rivers 
was rejected by Bangladesh on the grounds of environmental, social, political and 
economic consequences. Bangladesh also expressed its concern that the proposed link 
canal if implemented would divide the Northern Bangladesh into two halves and may 
further exacerbate the flooding problem in the monsoon (Abbas A.T., 1 982; Salman, 1 998). 
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Figure 13.8. The augmentation proposals of Bangladesh and India. Bangladesh’s proposal was to 
construct 7 dams in Nepal (l.Pancheswar, 2.Chisapani, 3.Kaligandaki-l, 4.Kaligandaki-2, 
5.Seti, 6.Trisulganga, 7.Sapt Kosi). Indian proposal was to construct Ganges-Brahmaputra link 
canal. Proposal of an internal link canal in Bangladesh is also shown. Source: Crow et al., 1995. 

The second inter-basin transfer proposal was to transfer 368 mVsec water from the 
Simkosh River in Bhutan to the upstream of Farakka through a 143 km long channel (Baneijee, 
1997). Sunkosh joins the Brahmaputra River from the North near Dhubri town of Assam, 
India. The Mean Armual Runoff (MAR) of the Sunkosh River is 1 7,270 million m^ This is 
approximately 3.3% of the MAR of the Brahmaputra River (Rao, 1975). The estimated cost 
of the Sunkosh-Ganges link canal in 1997 was $2,190 million. Concerns were raised that 
such a scheme could have trouble getting environmental clearance, as it would cut across 
45 tea garden and swathe of reserve forests and sanctuaries in India (Banerjee, 1997). 

The third inter-basin water transfer proposal was to divert water from the Brahmaputra 
River to the Ganges River within the geographical boundary of Bangladesh using less 
land-consuming, existing river channels rather than a huge canal (Crow and Singh, 1999). 
The proposal first appeared in the Bangladesh Land and Water Sector Study 1972 
commissioned by the International Bank for Reconstruction and Development (IBRD). It 
reported that there were technical advantages of diverting some of the abundant flows of 
the Brahmaputra Westward. Such diversion would permit, for example, greater use of the 
Ganges water in the middle reaches of the basin and at the same time would restore and 
improve opportunities for gravity irrigation in the Southwest region of Bangladesh. 
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In various meetings and government communications in India, Bangladesh maintained 
a position that the augmentation problem of the Ganges at Farakka could be resolved by 
tapping the potentialities available in the basin. Against the India’s Ganges-Brahmaputra 
link canal proposal, Bangladesh put forward a counter proposal of constructing 
7 multi-purpose reservoirs in Nepal as well as 51 dams in India (Abbas A.T., 1982). 
According to the Bangladesh proposal reservoirs in Nepal can hold 70,000 milliard cubic 
meters (mcm) of water while an additional 66,500 mcm can be stored in the proposed dams 
to be built in India. Bangladesh’s proposal also shows that the demand of water in the 
Ganges basin is 1 89,700 mcm against an availability of 1 95,500 mcm (Rangachari and Iyer, 
1 993 ; Mirza and Paul, 1 992) (Table 13.7) However, India communicated to Bangladesh that 
while all feasible sites in Nepal could advantageously be exploited for multi-purpose 
benefits of Nepal and the areas lower down, this would not cater to the water needs at 
Farakka and down below as these were located 500 km to 1 ,300 km away from the storage 
sites (GOB and GOI, 1 990). Note that India preferred the bilateral approach and did not want 
to regionalize the issue by involving Nepal, another riparian country (Salman, 1998; 
Crowed a/., 1995). 



Table 13. 7. Water requirement and availability in the Ganges basin 



Country 


Water Requirement 
(mcm) 


Water Availability (mcm) 


Bangladesh 


55,000 


- 


India 


105,700 


(i) Present utilization through surface 
water irrigation projects as well as 
from conpleted storage dams 
-29,000 

(ii) Natural flows in the Ganges at 
Farakka, India during dry seasons 
-26,000 

(iii) Additional availability from 22 
planned dams 

-30,000 


Nepal 


29,000 


Increased availability from the 7 
storage dams in Nepal as proposed 
by Bangladesh 
-70,000 


Total 


189,700 


195,500 



Source: GOI and GOB, 1990. 



Note: Views presented in this article are those of the author’s and should not be read to reflect the 

views of the Adaptation and Impacts Research Group (AIRG), University of Toronto. 
I would like to thank Dr. Ben Crow, Department of Sociology, University of California, 
Santa Cruz, USA for giving me permission to use the map on the augmentation proposals 
from his book ‘Sharing the Ganges: The politics and technology of river development’. 
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13.5 Concluding Remarks 

The signing of the Ganges Water-Sharing Treaty has resolved a long standing problem 
between Bangladesh and India. However, the withdrawal of water upstream of Farakka has 
put the Treaty to a difficult test. The implication is that the Treaty discharge values are less 
likely to occur than they are expected. The analysis also indicates that further withdrawal of 
water will put Bangladesh and the port of Kolkata at a considerable risk of not receiving the 
water negotiated in the Treaty. The analysis underscores the need for augmentation of the 
Ganges discharge at Farakka by suitable measure(s). 



Annex 13.1. Annex I of the Ganges Water-Sharing Treaty 



Availability at Farakka 


Share of India 


Share of Bangladesh 


70,000 cusecs or less 


50% 


50% 


70,000-75,000 cusecs 


Balance flow 


35,000 cusecs 


75,000 cusecs or more 


40,000 cusecs 


Balance flow 



Subject to the condition that India and Bangladesh each shall receive guaranteed 35,000 cusecs of 
water in alternative three 10-day periods during the period March 1 to May 10. 



Annex 13.2. 



Methods for choice of frequency distribution and determination of probability of 
occurrences of 

Probability plot correlation coefficient (PPCC) is determined from: 



r = 



^(x,. -x)(w,. - w) 






i=i 



i=l 



13.1 



where: 

Xi : the ordered observations. 

X : the average of observations. 

w: mean of the average value of the fitted quantiles 

Wi : the fitted quantiles = ) 



13.2 
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i - a 

n + l-2a 



where: 



13.3 



i: is the rank of the observation and equal to 1 for the smallest observation in the sample. 
n: the sample size. 

The plotting positions for different distributions are as follows Stedinger et al. (1993): 



Normal Distribution: Plot (x- ) versus and p- can be calculated from equation (13.3) 

with = 0.375. 






/ '35 -( 1-^)0135 

0.1975 



13.4 



Log-Normal Distribution: Plot order logarithms of the observations (log X- ) versus 
Zp where z^ is calculated from formula (4) and p- is calculated from equation (13.3) with 

= 0.375. 



Gumbel Distribution: Plot the ordered observations (x.) versus ^ — (X ln[— ln(/7 • )] or 
just -In[-In( p . )] where p. is calculated from equation (13.3) and a = 0.44. 

GEV Distribution: Plot ordered observations (x- ) versus ^ + {(X ! k){[ — \— ln(/? . )]^ or 

just (1/ A:){l — [—ln(/?.)]^} where p. is calculated from equation (13.3) and a== 0.4 and 
k is the shape parameter and calculated from equation (13.5). 

A: = 7.8590c + 2.955c' 

where 

In (2) 

3/32 -i3o In (3) 

where Po, Pi and P 2 the first, second and third probability weighted moments (PWMS), 

respectively. The unbiased PWM estimators of and jS 2 are: 



13.5 



13.6 



Po = X 
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ft - V j^^U) 

«(«-!) 



13.7 



n-2 

A = E 



y=i 



n(n - \){n - 2) 



13.8 



where: 

J: is the rank of the observation and equal to 1 for the largest observation in the sample. 
n: the sample size. 

: the ordered observations. 



The Gumbel cumulative distribution function is: 

(x) = exp[- exp(- —^)1 13.9 

where ^ and a are location and scale parameter, respectively and can be calculated from: 



X — 0.5772a 
s'\f^ 

= 0.7797s 

K 

p=\-F,{x) 

1 

T= 

1-F,(x) 



13.10 

13.11 

13.12 

13.13 
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IN THE GANGES BASIN: BANGLADESH PERSPECTIVES 
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14.1 Introduction 

Equitable sharing of common resources among all co-sharers is now a well-established 
principle. In the context of water resources, for example, clear and forceful codification of 
this principle is available in the Helsinki Rules (ILA, 1992) and the 30-year Ganges 
[Water-Sharing] Treaty between Bangladesh and India signed in December of 1996. Also, 
common resources are usually best developed and utilized for maximum possible mutual 
benefit under the cooperative arrangement among the co-sharers. Several studies 
(e.g. Ahmad a/., 1994; Adhikary 2000; and Ahmad a/., 2001) have shown that the 
benefits derivable-in terms of, for example, irrigation, hydropower generation, flood 
mitigation, and freshwater supply to stem salinity ingress - from water resources 
development and utilization in the Ganges-Brahmaputra-Meghna (GBM) basins will be 
much larger, on a win-win basis for all, under a cooperative regime involving all co-riparians, 
compared to what may be possible under separate national approaches, pursued by the 
countries sharing the basins: Bangladesh, India, Nepal, and China (Tibet). This study 
focuses on Bangladesh, India and Nepal, through which the Ganges River systems mostly 
flow, having originated in China (Tibet). 

The regional cooperative approach to water development and management in the 
GBM region, indeed in any river basin or lake shared by several countries, enables pooling 
of technical expertise, facilitates mutually beneficial joint investment, enlarges markets, 
encourages cooperation in other possible areas, and minimizes conflicts that are harmful to 
all concerned. 

The cost of non-cooperation among the co-riparians of the GBM river systems has 
been enormous for each co-riparian individually and for the GBM region collectively. The 
region continues to be characterized by sluggish economic and social progress and high 
levels of poverty, despite its huge natural resources and human potential. This persisting 
undesirable contradiction is the result of the failure of successive leaderships of the 
regional countries to put their act together towards forging effective cooperation, 
water-based and in other potential sectors. The Southeast Asian nations have greatly 
benefited by cooperating, as well as, the European Union, which has been marching ahead 
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in terms of economic progress and political clout as a result of the ever-increasing 
cooperation and integration. So far, South Asia as a whole and the GBM region in particular 
have let the opportunities of benefiting from the regional cooperation slip by. The historical 
burden of mistrust, arising from differing perspectives of and violence between the 
dominant religious groups during the long drawn run up to the Partition of India, continues 
to bedevil the relationship among the involved regional countries. Regionalism in this part 
of the world also continues to be undermined by India’s relentless pursuit of bilateralism in 
its dealings with the regional countries, despite the existence of South Asian Association 
for Regional Cooperation (SAARC) and the SAARC agreement that sub-regional 
cooperation within South Asia can also be forged. 

This chapter focuses on cooperation on water and environment in the Ganges basin, 
particularly highlighting the Bangladesh perspectives, within an overall framework 
underpinned by equity and fairness for all co-riparians. 



14.2 The Ganges Basin 

14.2. 1 HYDRO-METEOROLOGICAL SETTING OF THE GANGES BASIN 

The Southwest monsoon essentially characterizes the hydro-meteorology of the GBM 
region. It causes heavy fall of rain, generating most of the water carried by the GBM river 
systems, including the Ganges. The Southwest monsoon starts around the first week of 
June, with the peak rainfall occurring in July and August throughout the region. It retreats 
during September to first week of October, usually somewhat earlier in Nepal and later in 
Bangladesh. The observed variability in the rainfall in the region reflects the behavior 
pattern of the Southwest monsoon. 

Bangladesh is at the bottom not only of the Ganges but also of the Brahmaputra and 
Meghna River systems. About one-third of the country is in the Ganges basin, which 
receives an average annual rainfall of about 2, 1 00 mm, varying from 1 ,200 mm in the West to 
over 2,500 mm in the Central and South-Central parts. In the case of Bangladesh, the 
Southwest monsoon usually retreats during the first week of October. 

The spatial distribution of rainfall in the part of the Ganges basin that belongs to India 
also exhibits wide variability. It varies from 350 mm on the Western part to about 1 ,000 mm 
in the middle and 1 ,500 mm to 2,000 mm near the Bengal Delta. 

Nepal, the uppermost co-riparian of the Ganges under consideration in this study, 
receives an average annual rainfall of about 1,500 mm, with a wide variation in its spatial 
distribution. Northwest Nepal, a predominantly hilly terrain, receives only 200 mm while the 
Eastern Terai receives about 4,000 mm in a normal hydrological year. However, compared to 
the lowest co-riparian Bangladesh, retreat of the monsoon front occurs in Nepal about a 
month earlier. 
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The catchment area of the Ganges encompasses about 1.09 million sq. km. spread 
across China (Tibet), Nepal, India and Bangladesh. Table 14.1 shows its country- wise 
distribution. Three most prominent tributaries of the Ganges, in terms of their relative 
contributions to the flows of the Ganges, are the Kamali, the Gandaki, and the Kosi - all of 
which, have originated in China (Tibet) and flowing through Nepal, have joined the Ganges 
in India. Despite the fact that China (Tibet) occupies only about 3% of the Ganges basin, it 
plays a significant role for the year-round sustenance of the freshwater flows of the river 
system. 



Table 14.1. Catchment areas (x 000 sq. km) of the Ganges basin 



Area/% Share 




Co-riparians Sharing the Ganges 


Total 




China 

(Tibet) 


Nepal 


India 


Bangladesh 




Area 


33.52 


147.48 


860.00 


46.30 


1,087.30 


% of share 


3 


14 


79 


4 


100 



Source: Rasheed, 1994. 

14.2.2 GEOGRAPmCALHIGHLIGHTS 

The Ganges, the major channel of the Ganges River systems, traverses about 2,528 km from 
the Gangotri glacier of the Himalayas where it rises, to the mouth of Meghna in Bangladesh 
where it combines with the Brahmaputra and the Meghna, before the combined discharge 
of huge volume of water into the Bay of Bengal. The Ganges-Brahmaputra-Meghna (GBM) 
River systems, constitutes to be the second largest outfall in the world after the Amazon 
system. In its journey to the sea, the Ganges is enormously enriched by a number of 
tributaries, mostly originating in the Eastern Himalayas - in China (Tibet) and Nepal. The 
Ganges system supplies freshwater to 65.8 million hectares of arable land in the basin 
countries through its numerous distributaries, including the largest delta of the world, the 
Bengal Delta (Verghese, 1 999). A large proportion of the delta was formed by the sediments 
carried by the Ganges from upstream. Figure 14.1 provides a general overview of the 
Ganges River in its regional geographical setup. 

Although the Ganges rises at an elevation of about 7,0 1 0 m in the Himalayas, it traverses 
through a flat terrain in India and Bangladesh for most of its length. Its distributaries also 
generally run through a flat terrain. However, all of its major tributaries have their origins in 
high mountains. These two physical features, a flat terrain and a high altitude, have given 
rise to particular opportunities: (a) in a flat terrain, people have been making good use of the 
fertile soil for the cultivation of various types of crops and of the water bodies for the 
culture of freshwater fm-fish; and (b) in an undulated terrain, people have been harnessing 
hydropower in addition to terrace agriculture and open water fisheries. No wonder, crop 
cultivation, livestock rearing, and capture fisheries have historically been the major sources 
of livelihoods for the majority of the people in the region. 
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Figure 14.1. The Ganges River basin in its regional geographical setup. Source: WARPO, 2001 . 

Bangladesh is the lowest riparian in all the three (i.e. GBM) river basins. It drains into 
the Bay of Bengal, most of the water generated in the GBM basins; over 75% of the total 
volume of water annually drained by Bangladesh enters the country from upstream, India. 
About 80% of the total annual runoff is concentrated during the four monsoon months 
(June-September), while only 20% is distributed over the remaining eight months 
(October-May). The country, therefore, faces the brunt of floods during the wet season on 
the one hand and, acute water shortages during the dry months, particularly during 
February-April, on the other. The entire Southwest region of Bangladesh, which is the 
country’s Ganges Dependent Area (GDA), suffers from extreme water shortages as well as 
acute moisture stress during the dry months, adversely affecting both the ecology of the 
region and its agriculture (see Chapter 9 on agriculture). Salinity ingress is a major hazard 
faced by the GDA. 
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Regional cooperation in water-sharing and management is, therefore, critically 
important for Bangladesh. But, as noted in the introductory section and elaborated in the 
next section, large potentials exist in the region for mutually beneficial water-based 
cooperation for all the co-riparians. 



14.3 Cooperation Potential in the Ganges Basin: A Framework 

Although, in the past, a few sporadic country case studies shed some light on different 
aspects of regional cooperation on water resources in the Ganges basin, it was a major 
collaborative study conducted by a group of Bangladeshi, Indian and Nepalese scholars 
during 1 990- 1 994 that provided the rationale and identified an array of mutually beneficial 
possibilities in the GBM basins for both bilateral and multi-lateral cooperation involving 
the co-riparians (Ahmad et al, 1994). A number of those cooperation opportunities were 
further explored in a follow-up GBM regional study (Adhikary et al, 2000), in which a 
framework for water-based cooperation was also presented. Ahmad et al (2001) further 
analyzed the framework in the context of a regionally shared vision of achieving 
sustainable development in each of the collaborating countries. 

Later in this article, we briefly discuss the background and achievements of those 
studies. However, while those studies have focused on all the three major river basins of 
the Eastern Himalayan region - the Ganges, the Brahmaputra, and the Meghna (GBM), this 
article seeks to explore the cooperation potentials specific to the Ganges basin, involving 
Bangladesh, India and Nepal through which the Ganges River systems mostly flow. China 
(Tibet), where the Ganges originates, is not included for discussion in this article. Selected 
potential areas of cooperation are briefly outlined below. 

14.3. 1 COOPERATION IN DISASTER MANAGEMENT 

The Ganges basin is characterized by low economic growth and widespread and 
deep-seated poverty, although it is endowed with a great deal of water and other natural 
resources. Indeed, frequently occurring extreme weather events such as floods, droughts, 
and salinity ingress cause large-scale damages to property including crops and 
infrastructure and spawn health hazards through water and vector-borne and heat-related 
diseases. As a result, the circumstances of the affected poor are further constricted and 
many non-poor find themselves suddenly joining the ranks of the poor. 

Given the persisting lack of regional cooperation water-based and otherwise, the basin’s 
natural resources and human capabilities could not be properly developed and utilized 
through mutually beneficial joint activities and exploitation of prevailing and emerging 
complementarities on the one hand and the frequently occurring natural disasters could 
not be properly managed on the other. If cooperative disaster management is in place, it can 
be greatly beneficial, in the event of an approaching disaster, to all the Ganges co-riparians 
by: 
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a) allowing sufficient time for local or sub-regional level authorities to mount 
damage-reducing measures (policies, relocation, relief, and rehabilitation) well in 
advance; 

b) enabling communities to take precautionary measures through effective preparedness; 
and 

c) helping reduce loss burden by postponing sure-to-be-lost investments in agriculture- 
the major livelihood option of the poor. 

Ahmad and Ahmed (2003) have highlighted the need for and the potentials of 
cooperation in flood forecasting and warning between Bangladesh and India. The existing 
limited cooperation in data sharing for flood forecasting between the two countries can be 
signiflcantly improved to minimize damages in Bangladesh, if real-time data is provided to 
Bangladesh by India well in advance of water levels reaching the danger heights at points, 
which are good distances away from the border of the two countries. Similarly, flood 
vulnerability of the two states of India, Bihar and West Bengal, can be considerably 
reduced through sharing real-time hydrological data between India and Nepal. Joint flood 
modeling study, using state-of-the-art hydrodynamic models and involving satellite 
information and ground-truthing on hydrological information, can provide much better 
flood forecasts for all the three regional countries than what is available now. 

Also, information on Glacial Lake Outburst Flood (GLOF) in the Himalayas, obtained 
from the satellite and remote sensing, can be shared between India and Nepal for taking 
necessary measures against sudden inundation downstream. GLOFs result from sudden 
discharges of large volumes of water and debris from the glaciers, caused by triggers such 
as snow and ice avalanches, quakes, and storm events. The frequency of GLOF is on the 
rise in the Himalayan region. In the recent past, GLOFs have caused numerous fatalities 
and destruction of valuable natural resources and costly infrastructure (Bhadra, 2002). 

Application of Regional Climate Models (RCM), now fully developed and available, 
even validated for the region, can help joint issuance of drought warning, enabling poor 
farmers to take precautionary measures against possible crop losses. Also, possible 
real-time sharing of Indian satellite images with Bangladesh and the issuance of cyclonic 
storm surge forecasts by Bangladesh for the entire Bay of Bengal including the coastlines 
of West Bengal and Orissa can effectively save lives from drowning. 

14.3.2 MULTIPLE BENEFITS OF WATER STORAGE UPSTREAM 

A huge untapped potential of hydropower exists in Nepal, particularly in the Eastern 
Himalayan Rivers. The construction of the multi-purpose high dams at appropriate sites 
through joint efforts of the three countries would increase electricity supply for use by all 
the three countries under agreed terms and conditions and, thereby, enhance opportunities 
for industrial growth and reduction of unemployment and poverty in each country. At the 
same time, it would create scope for augmenting dry season flows of the Ganges systems, 
which, if shared equitably and utilized properly, will improve irrigation possibilities in each 
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country, stem salinity ingress along the Ganges dependent coastal rivers in Bangladesh 
and India, and stimulate the health of a shared ecosystem - the Sundarbans, a mangrove 
forest of global importance. A number of possible sites of storage of water in Nepal (for 
details see Chapter 13 on risk analysis) have long been identified and, for some of those, 
feasibility has also been ascertained. However, the five core values (principles) - viz. equity, 
efficiency, participatory decision-making, sustainability, and accountability - put forward 
by the World Commission on Dams must be respected in the process of building, 
operation, and maintenance of the dams (WCD, 2000). 

14.3.3 CLIMATE CHANGE 

Several recent studies have raised grave concerns regarding the adverse impacts of climate 
change on the regional water resources and their implications (Mirza and Ahmed, 2003; 
Mitra, 2003). The Intergovernmental Panel on Climate Change (IPCC), in its third 
assessment report, highlighted what might be expected as a consequence of climate change 
in the region. The multi-thematic issue of climate change is not properly understood yet. In 
order to devise a regional response for reducing vulnerability of water resources in the 
Ganges basin to climate change, it is extremely important to mobilize resources and 
expertise jointly for the formulation of feasible adaptation strategies in each of the three 
countries sharing the Ganges waters. 

14.3.4 NAVIGATIONALROUTE 

There is already an agreement in force between Bangladesh and India for cross-national 
transit of goods through the GBM system. The routes are: a) Kolkata-Mongla-Chandpur- 
Chilmari-Dhubri (up the Jamuna); and (b) Kolkata-Chandpur-Bhairab-Zakiganj/Karimganj 
(up the Meghna). However, the volume of traffic remains extremely low, the reasons 
for which are both physical (siltation, lack of channel depth, bank erosion) and 
socio-economic. But there is an enormous potential for development, particularly from the 
perspective of an integrated inter-modal network involving the river systems of all the three 
regional countries, with Chittagong and Mongla Ports serving as the hub of regional 
maritime trade. For Nepal, a navigational route to Mongla Port in the Southwest region of 
Bangladesh offers immense potential for augmenting its international trade. However, the 
use of that opportunity could only be possible if India cooperates by allowing traffic to 
pass through its territories smoothly (Adhikary et al, 2000). 

14.3.5 WATER QUALITY 

The Ganges passes through or alongside over 300 small and large urban centers, which 
discharge contaminants into the river. As a result, the quality of water in the Ganges 
becomes ever poorer as it flows downstream. Joint activities may be undertaken by the 
regional countries to pool their experiences and resources and develop strategies for 
improving the quality of water of this great river. The co-riparians may together develop 
uniform water quality standards and institute an effective water quality monitoring system 
along the Ganges for mutual benefit. 
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14.3.6 WATERSHED MANAGEMENT 

Watershed management in the Ganges basin is easily identifiable as a potential area of 
regional cooperation. Under this cooperation framework, common issues such as tackling 
arsenic contamination in the shallow ground water throughout the Ganges Delta, 
preservation of aquatic ecosystems, addressing the transboundary sediment transport 
issue, flood-drought-salinity management, combating riverbank erosion, soil 
conservation, and generation of hydropower could be addressed jointly. It is believed that 
collective knowledge-based joint activities in the shared basin can solve a number of these 
problems, offering the poor of the region much better opportunities for breaking out of 
poverty and improving their socio-economic status. 



14.4 Experiences of Past Cooperation and Past Efforts towards Forging Cooperation 

Prior to the Partition of India in 1947, water of the Ganges was shared by the undivided 
India, Nepal, and China (Tibet). Following the Partition, a new country, Pakistan, emerged 
as a new party, with Bangladesh taking up the place when it emerged as an independent 
country in 1971, consisting of the geographical area at that time, known as East Pakistan. 
Obviously, these political changes added new dimensions to the issues of international 
sharing of the Ganges water. Also, before the Partition, the population of the Ganges basin 
was less than 40% of its present size and the economic activity was much more limited. 
Hence, demand for water was much less compared to that of today. The rest of this section 
is devoted to briefly tracing the experiences of official and non-official efforts towards 
forging cooperation in the GBM basins, especially the Ganges basin. 

14.4. 1 OFFICIAL COOPERATION 

India’s unilateral decision in 195 1 to divert water of the Ganges by constructing a barrage 
at Farakka resulted in an official protest by the Pakistan Government at that time. The 
Government of Pakistan (the Eastern part of which is now Bangladesh) sent several protest 
letters to the Government of India up to 1960. To resolve the issue, five expert level 
meetings were convened between June of 1960 and May of 1968. Another five meetings 
were held involving high government officials (Secretaries) between 1 968 and 1 970. On the 
fifth Secretary-level meeting, held in 1970, India finally agreed that the sharing of the 
Ganges water, to be negotiated, would be at Farakka (Khan, 1 994). But, no agreement was 
reached on the actual sharing of the Ganges water at Farakka during the Pakistan period. 
The government level initiatives in search of cooperation continued after the 
independence of Bangladesh (Abbas A.T., 1984). The process of cooperation was boosted 
by the formation of an official channel, the Indo-Bangladesh Joint Rivers Commission 
(JRC) (see Annex I for the Statute of the JRC), within one year of independence of 
Bangladesh. But no quick resolution of the Farakka issue could be achieved. 

The Prime Ministers of India and the newly independent Bangladesh issued a joint 
declaration in May of 1974, assuring people on both sides that they would arrive at a 
mutually acceptable allocation of the Ganges water at Farakka during the low flow period. 
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even before the formal commissioning of the Farakka Barrage. The Farakka Barrage was 
commissioned with Bangladesh’s concurrence in April of 1975 initially for a period of 
41 days (ffomApril21 to May31, 1975) for experimental purposes. But India continued its 
operation of the barrage beyond that period without an agreement or understanding with 
Bangladesh. 

In view of the continued unilateral diversion of the Ganges water by India without any 
understanding/agreement with Bangladesh, Bangladesh raised the matter at the UN 
General Assembly in 1 976, but was asked to seek a resolution of the issue through bilateral 
negotiations with India. Subsequently, following continued negotiations, a 5 -year Ganges 
Water [Sharing] Agreement (GWA) was signed by the two countries in 1 977. The expiry of 
this Agreement was followed by two Memoranda of Understandings (MoUsl (see 
Annex I), the first was for two lean seasons from October 7, 1982 and the second, was for 
three lean seasons from November of 1985 to May of 1988. Following the expiry of the 
second MoU, there was no agreement or understanding until the 30-year Ganges 
[Water-Sharing] Treaty - henceforth the Ganges Treaty (which is actually the title of the 
treaty) - was signed in December of 1996. Clearly, even between the two very friendly 
countries, the Ganges water-sharing posed serious difficulties, a state of affairs that 
remains in force with respect to the sharing of the other common rivers. 

Meanwhile, gradual decline, accelerated during the no-agreement interregnum, in the 
dry season flows of the Ganges downstream of the Farakka Barrage resulted in an 
unprecedented adverse ecological change in the entire GDA of Bangladesh. Salinity 
penetrated into the sweet water zones, while farmers of over 0.7 million hectares of 
cultivable land had to forfeit economic opportunities in the dry season, with many others 
having been forced to take crops with lower economic returns. Open water fisheries, a 
major activity of the poor communities in the GDA, suffered significantly and the 
succession processes of the Sundarbans mangrove forest were disturbed considerably. 
Eventually, the Gorai, a major distributary of the Ganges below Farakka in Bangladesh and 
the main artery of freshwater flows to the Southwest of Bangladesh, was completely 
dissociated from the Ganges due to siltation (for details see Chapter 4 on morphology). 

The emergence of a strong political will at the highest level in both the countries in 
1996, supported by the political authority in the Indian State of West Bengal, mobilized 
necessary technical and bureaucratic facilitation leading to the signing of the 30-year 
Ganges Treaty between the two countries in December of 1996. At about the same time, 
India and Nepal negotiated a bilateral treaty - the Mahakali Treaty (see Annex I) - between 
them, also signed in 1996, to work together to develop the water resources of Mahakali, 
a tributary of the Ganges, and share the benefits thereof. There were also few other 
cooperation agreements between India on the one hand and Bangladesh or Nepal on the 
other, over the years. Table 14.2 lists the major Agreements/Treaties/MoUs between India 
and Bangladesh and between India and Nepal on water, power, and navigation in the 
Ganges basin, with the year of execution, duration, and salient purposes/features of each. 
These are all bilateral with India as the common party in each case. There is no Regional 
Agreement/Treaty/MoU up to now. 




Table 14.2. Major Agreements/Treaties/MoUs on Water, Power, and Navigation in the Ganges Basin between India on the one hand and Bangladesh 
or Nepal on the other 
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Source: Adhikary etal, 2000; Ahmad et.al, 1994. 
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On the pathway of GBM regional cooperation on water resources, a major stumbling block 
has been a very strong bilateral bias in the design of and the negotiations for cooperation 
in the region (Abbas A.T., 1984; Ahmad a/., 1994; Verghese, 1999). Ariver system should 
be considered as a whole from its source to its outfall and all the co-riparians should be 
involved effectively in the process, for the optimum development of its water resources. 
However, India, the largest amongst the co-riparians in South Asia, insist on bilateralism 
and is interested to deal with Bangladesh or Nepal or any other regional country separately. 
In relation to the development of the tributaries of the Ganges in Nepal, India maintains 
strict bilateralism in its negotiations with Nepal, excluding Bangladesh which is also a 
co-riparian (Abbas A.T., 1984). No wonder, when both the GWA and the Ganges Treaty 
were signed between Bangladesh and India, Nepal was not consulted. Similarly, when 
Mahakali Treaty between India and Nepal was signed, Bangladesh was not consulted. 
Both the 1977 GWA and 1996 Ganges Treaty included clauses that India and Bangladesh 
would work together to augment the dry season Ganges flows. Also, the 1974 joint 
declaration of the Prime Ministers of India and Bangladesh directed the JRC to study the 
best means of augmentation of the dry season flows of the river and optimum utilization of 
the available water resources in the region. 

In the pursuance of the relevant cluase of the 1977 GWA, Bangladesh proposed 
storage dams to be built in Nepal to augment dry season flows in the Ganges basin. This 
approach requires the involvement of Nepal. But India was not, as it is still not, interested 
to work with Bangladesh and Nepal within a regional framework on the augmentation or 
other similar issues. India rejected Bangladesh’s proposal and made their own proposal. 
The Indian proposal was to transfer water from a barrage across Brahmaputra at Jogighopa 
in Assam in India through Northern Bangladesh and West Bengal along a 34 km long link 
canal to a point above Farakka. Bangladesh did not agree to this Indian proposal on 
technical, ecological, and social grounds. Bangladesh’s proposed storage dams in Nepal 
have been in most cases supported by Nepal. These storage dams can be beneficial to 
Nepal, India, and Bangladesh as a result of the multiple benefits (such as hydropower, 
irrigation, flood mitigation, navigation and the lean season flow augmentation) that such 
projects will generate. However, having rejected Bangladesh’s proposal, India has been 
conducting bilateral negotiations with Nepal on some of the very storage dams proposed 
by Bangladesh. 

Another factor that prevented the establishment of a mutually beneficial cooperative 
regime, involving both bilateral and regional cooperation, is mistrust among the regional 
countries (Crow et aL, 1 995), which appears to have been enjoying a continuous renewal as 
a force of dissention, particularly fanned by the bureaucracy and sectarian political 
elements in the concerned countries. Lack of trust must have played a role in India’s 
decision not to entertain a proposal of Nepal that would have opened up a navigational 
route between Nepal and Bangladesh through a proposed 1 9 mile long canal in India. Nepal 
has, as a consequence, been deprived of an opportunity to enhance its scope of 
international trade. Continued mistrust is also perhaps a major reason why Bangladesh has 
not been providing transit facilities to India. 
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14.4.3 INVOLVEMENT OF NON-OFFICIAL ACTORS AND CROSS FERTILIZATION 



By the late 1 980s, the tension between India and Bangladesh over Farakka and the sharing 
of the dry season Ganges flows reached its height, especially following the expiry of the 
second MoU in 1987. The deteriorating environmental condition and the loss of 
livelihoods of millions of people in the GDA of Bangladesh called for an immediate action, 
but a deadlock on negotiations between the countries persisted. Also, by then, regional or 
bilateral cooperation prospects in the Ganges basin or in the other basins of the GBM 
region seemed to reach a rather dead end. There was thus continued impasse on ‘official 
negotiations’ while environmental quality deteriorated and ‘cost of non-action’ piled up 
(Chaphekar and Mhatre, 1986; Boyce, 1987; Bilgrami and Munshi, 1985). It is at this 
juncture that a group of concerned intellectuals from Bangladesh, India, and Nepal took on 
an initiative in 1990 to facilitate regional cooperation, primarily on the water issue through 
appropriate non-official efforts. The process sought to identify opportunities, detail out 
options in respect of each identified opportunity, suggest the best possible course of 
action in terms of maximum win-win benefit for all the participating countries, create an 
awareness about the benefit of cooperation and the cost of non-cooperation, and build a 
wider polity-based environment to facilitate action by the governments of the regional 
countries, which have final authority to take action. The process was initiated and led by 
three institutions from the three countries - Bangladesh Unnayan Parishad (BUP), Dhaka; 
Center for Policy Research (CPR), New Delhi; and Institute for Integrated Development 
Studies (IIDS), Kathmandu. A number of relevant experts from other organizations in the 
three countries were involved in the studies undertaken and dissemination meetings held. 
This unofficial initiative - the BUP/CPR/IIDS process - has since been widely known as the 
Track-II initiative. Other unofficial research and dialogue activities towards promotion of 
cooperation in different fields in South Asia/GBM region, which have been organized, 
following the BUP/CPR/IIDS initiative by the same and other institutions and groups are 
now also usually referred to as Track-II activities. The governmental process is Track-I. 

While Track-I talked from time to time without making any progress, the BUP/CPR/ 
IIDS process successfully forged a consensus involving a large body of intellectuals, 
which included former high government officials, politicians, journalists, and other opinion 
makers. The findings of the studies were disseminated in all the three countries by 
organizing well attended conferences, several in each country. The conferences enabled 
the Track-II leaders involved in the study to present their findings and ideas to wider 
audiences in each country and to facilitate cross-fertilization of ideas and opinions 
between them and invited participants including Track-I key officials and political leaders 
towards fostering regional cooperation in the GBM region, including the Ganges basin. 
The concerned high level government officials were invited and participated in the 
conferences, to the best of their personal capacities. Concerned ministers also supported 
the process by attending the inaugural sessions of dissemination conferences in all the 
countries and offering suggestions. 

The group’s in-depth analysis and research-based recommendations in phase-I of the 
study during 1990-1994, finalized by taking into account the comments and suggestions 
that emanated from the various dissemination conferences, culminated in a book, jointly 
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published by the three institutions in 1 994, which has earlier been referred to (Ahmad et al, 
1994). The publication identified a number of win-win opportunities^ for the participating 
countries, based on credible research and wide consultations. When the draft of the 
second study (Adhikary et al., 2000), in which most of the opportunities identified in the 
first study were further elaborated, was ready, a series of conferences were also held during 
the late 1990s in all the three countries for disseminating the findings and the ideas 
generated in the process. 

The process raised awareness, urging Track-I to act. One idea put forward was that for 
cooperation to move forward in the region, a decision at the highest political level in each 
country was of crucial importance. It was widely acknowledged that the BUP/CPR/IIDS 
Track-II efforts were helpful to the process leading to the signing of the two treaties, on the 
Ganges between India and Bangladesh and on the Mahakali between India and Nepal, in 
quick succession in the same year, 1996. 

Other Track-II activities organized by other institutions, following the BUP/CPR/IIDS 
Track-Il initiative, focused not only on water but also on other possible areas of 
cooperation in South Asia, involving all or some of the South Asian countries. A 
particularly notable such initiative in the water sector has been led by the South Asia 
Country Water Partnerships of the Global Water Partnership (GWP). The Water Vision 2025 
and the Framework for Action exercises were noteworthy efforts under the water 
partnership process, which have been followed up with the other activities focusing on 
regional cooperation in the water sector. Highlights and extension of these exercises are 
available in Ahmad (2000) and Ahmad et al. (2001). The issues of GBM regional 
cooperation on water were duly highlighted, both regionally and internationally, in 
successive South Asia Water Fora (held in Kathmandu and in Islamabad in 2002) and 
World Water Fora (held in Hague in 2001 and in Kyoto-Osaka in 2003); and Johannesburg 
World Summit on Sustainable Development (WSSD) held in 2002. 



14.5 An Emerging Issue: The Case of Inter-Linking of Rivers in India 

The purpose of the Indian grand scheme of inter-linking rivers (Figure 14.2), which 
involves a currently estimated cost of US$ 120 billion, to divert water from the water rich 
basins and sub-basins to water scarce basins and sub-basins in the country, involves both 
the peninsular and the Eastern Himalayan transboundary rivers. Waters would be diverted 
as part of this scheme from the Ganges basin as well as many of its sub-basins to the drier 
Southern and Western parts of India. Clearly, as a result, the limited Ganges waters 
currently available to flow into Bangladesh during the lean season will substantially 
decline further. 



^ These include: Possibilities of augmenting the lean season flows of the Ganges water quality in the 
GBM region; cooperation on the Teesta; Energy cooperation: an Eastern power/Energy grid; 
cooperation in flood disaster management; dam safety, environmental considerations and 
rehabilitation of displaced people; seismic hazards and monitoring in the GBM region; and the 
development of inland water transport in the GBM region. A conceptual framework for water-based 
integrated development of the GBM region has also been outlined. 
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Figure 14.2. The proposed inter-linking of rivers in India. 

Although this scheme has been in the works for decades, not unknown to the 
concerned people in Bangladesh, no protest was lodged by Bangladesh until the 
declaration of the Indian President in his Independence Day speech on August 15, 2003 
that the project was going ahead. In addition, on the same day, the announcement by the 
Indian Prime Minister in Parliament stated that it would be implemented on ‘war footing’. 
Previous to that, the expectation in Bangladesh, perhaps, was that the scheme would either 
not be taken up at all or Bangladesh would be consulted before a decision to implement it 
was taken. But before the announcement at the highest official level in India that the 
scheme was going ahead, Bangladesh was not even informed about it officially. This is a 
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clear negation of clauses VIII and IX of the Ganges Treaty as well as the principles 
enunciated in the preamble of the Treaty.^ 

Soon after India’s highest official announcement on the 2003 Indian Independence 
Day, there has been a flurry of protest in the lower riparian of Bangladesh as the scheme in 
so far as it relates to the Eastern Himalayan Rivers will further reduce dry season flows of 
water to Bangladesh. Even within India, civil society groups and academics have been 
protesting against the scheme, raising serious concerns regarding the anticipated adverse 
ecological, social, and economic impacts both within India and in Bangladesh (IHDF, 2003; 
Samya, 2003; WMF, 2003). 

The idea of the inter-basin transfer of water from the Northeast of India to the water 
deficit West and South India by the inter-linking rivers within India has been proposed and 
discussed from time to time over the past decades. K. L. Rao, former irrigation Minister of 
India mooted Ganga-Cauvery link and certain Westward diversions as part of an Indian 
national water grid in 1972 (Rao, 1975; Verghese, 1999). In this process of the evolution of 
the conceptual development of the inter-basin water transfer, the Indian National Water 
Development Agency (I-NWDA) was established in 1982. This agency has been carrying 
out studies to identify feasible inter-basin linkage sub-projects and has already generated 
a substantial portfolio of link sub-projects with pre-feasibility studies completed, as well as 
a few feasibility studies which have also been completed. The concept was included in the 
1987 Indian National Water Policy (WRM-1, 1 987) and reiterated in the 2002 version of it. 
The I-NWDA has been investigating two sets of linkages - one relates to peninsular rivers 
and the other to the Himalayan Rivers. While the former is only an inter-state issue within 
India, the latter, as noted earlier, additionally involves international perspectives (Ahmad, 
2003). 

The project received a moral boost when the Indian Supreme Court ordered the Indian 
Central Government in October of 2002, in response to a public interest litigation, to 
complete the task of inter-linking all the rivers of India in a period of 1 0 years. As suggested 
by the Supreme Court, the Government of India (Gol) setup a Task Force in December 2002. 
The timeline formulated has been to prepare action plans and complete feasibility studies 
and detailed project reports by the end of 2006 and to have the implementation of the full 
project by 2016. The Task Force has been charged with the responsibility of investigating 
and reporting on economic viability, socio-economic impact, environmental impact, and 
resettlement options and plans for each individual linkage sub-project. It is envisaged to 
transfer 173 BCM of water from the Ganges and the Brahmaputra and more from Teesta and 
other Eastern rivers to the States of Uttar Pradesh (UP), Madhaya Pradesh (MP), Rajasthan, 

^ In the preamble of the Ganges Treaty (see Annex I), it is stated that the fair and just solution be 
found without affecting the rights and entitlements of either party and that the two countries are 
determined to promote and strengthen their relations of friendship and good neighborliness. And 
Articles IX and VIII of the Treaty state: “Article IX. Guided by the principles of equity, fairness and 
no-harm to either party, both the Governments agree to conclude water-sharing Treaties/Agreements 
with regard to other common rivers.” “Article VIII. The two Governments recognize the need to 
cooperate with each other in finding a solution to the long-term problem of augmenting the flows of 
the Ganga/Ganges during the dry season.” 
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Maharashtra, Gujrat, Orissa, Andhra Pradesh, Karnataka and Tamil Nadu by digging canals 
and putting in place other necessary structures including reservoirs (Ahmad, 2003). 

During the ministerial level meeting of the JRC held in September of 2003, the Bangladesh 
Minister for Water Resources formally lodged a protest against the Indian River 
inter-linking plan in so far as it would further substantially reduce lean season water flows 
into Bangladesh. His Indian counterpart, in a press conference, described the project as a 
‘mere concept’ and said that the feasibility reports, when completed, would be shared with 
Bangladesh. Also, it is understood that the JRC meeting minutes included a reference to 
the raising of the issue by Bangladesh. Thus, the official protest by Bangladesh has at least 
been officially acknowledged by India. However, the mistrust in the minds of general 
people of Bangladesh continues unabated. The experience relating to the construction, 
commissioning and operation of the Farakka Barrage has been, over the years, rather 
unpalatable from the point of view of Bangladesh. One hopes, this time around, a more 
open approach will be followed by India in relation to the adverse effect of the Indian River 
linking project on Bangladesh and a solution, satisfactory to both the countries, will be 
worked out before the relevant parts of the scheme are undertaken. 



14.6 Concluding Remarks 

There are 54 transboundary rivers involving India and Bangladesh; and Bangladesh is the 
lower riparian in all the cases. Despite discussions and negotiations between the two 
governments at various levels within the framework of JRC over the past three decades and 
more, a Treaty has so far been concluded in respect of only one river, the Ganges. The 
Treaty was signed on December 12, 1996 to remain in force for 30-years, i.e. up to 2026. 
Notwithstanding some teething problems in the first year of its operation and some 
difficulties on very few occasions since then, the Treaty has been working well."^ This is 
testimony to good intentions on the part of both the parties. But the window of 
opportunity that opened up, as a result of the signing of the Ganges and Mahakali Treaties, 
has not been taken advantage of. Despite negotiations continuing for years and years, 
there is no agreement or treaty as yet even on the Teesta, let alone other rivers. As a result, 
how much water will be available to Bangladesh from across the border along the 
transboundary rivers during the lean season remains uncertain. Hence, water management 
planning in Bangladesh remains seriously constrained. Since the principles of equity, fair- 
ness, and no-harm to either party have already been enshrined in the Ganges Treaty. The 
two countries should build on that and move forward fast to conclude agreements/treaties 
with respect to all the other common rivers, for mutual benefit. 



However, most of the water flows available to Bangladesh during the lean season under the Ganges 
Treaty goes down to the Bay of Bengal so that it cannot be used for ecological and economic 
rejuvenation of Southwest Bangladesh in the absence of an appropriate intervention in the Ganges in 
an appropriate location in Bangladesh to divert adequate quantum of water through the Gorai to that 
region. The Ganges Dependent Area (GDA) options study within the framework of the National 
Water Management Plan (NWMP) has concluded that a barrage on the Ganges is the most 
appropriate option in this context (WARPO, 2001a). It is essential that urgent steps are taken to 
implement it. 
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Despite clauses included in the 1977 GWA and the 1996 Ganges Treaty that the 
Governments of India and Bangladesh would undertake steps for augmentation of the lean 
season Ganges flows, no progress has been made in this regard. Studies have shown that 
dams in appropriate places in Nepal would be beneficial to all the three countries in terms of 
increased availability of electricity, irrigation opportunities, flood mitigation, increased 
freshwater flows to stem salinity ingress in the Ganges dependent coastal rivers in India 
and Bangladesh, and stimulating the health of the Sundarbans. The proposed Sapta Kosi 
High Dam, which is the closest to Bangladesh and has high potential for generating 
multiple benefits, may be the first candidate for a joint undertaking by the three countries. 
Since the implementation of such a project will take decades, it is urgent that an agreement 
is reached and the work is initiated quickly. Serious deterioration in the economic, social 
and ecological conditions in the GDAs of all the three countries, but particularly in 
Bangladesh, continues unabated. 

In respect of the Indian scheme of inter-linking rivers, ‘the principles of equity, fairness 
and no-harm to either party’ demand that India consults Bangladesh and Nepal and reaches 
an agreement with them before undertaking the relevant parts of the scheme (transfer of 
water from the Eastern Himalayan Transboundary Rivers). This is also necessary for peace 
and stability in the region, and so vital for economic and social progress. 

Unfortunately, however, mistrust and lack of action for promoting cooperation 
water-based or otherwise - in the region continues to hold back progress. That is, the 
logjam continues. Cooperation, for which immense scope and mutually beneficial 
potentials exist, remains a mirage. People, particularly the poor, in all the regional countries, 
continue to suffer. Can’t human ingenuity in the regional countries gather enough strength 
and overcome the constraints and forge wide-scale cooperation water-based and 
otherwise - for positive-sum win-win benefits for all? There is no reason, why not. What is 
necessary is, for the regional political leaderships and other concerned actors to get out of 
their narrow national interest-based mindset and seek to cooperate objectively with the 
neighbors for mutual benefit, for which immense potentials exist. Track-II activities can 
help this process along by clarifying issues, analyzing options, and improving the 
socio-political environment favoring cooperation, thereby helping and supporting Track-I 
to act. 
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STATUTE OFTHE INIX>BANGI^ESH JOINT RIW^ COMMISSION 

Signed at Dacca, 24th November 1972 

CHAPTERI 



The Contracting Parties 

Pursuant to the relations of friendship and cooperation that exist between India and 
Bangladesh, 

DESIROUS of working together in harnessing the rivers common to both the countries for 
the benefit of the peoples of the two countries, 

DESIROUS of specifying some questions relating to these matters, 

HAVE AGREED AS FOLLOWS: 

CHAPTERH 

Article 1 

There shall be established an Indo-Bangladesh Joint Rivers Commission, hereinafter 
referred to as the Commission. 



Article 2 

(i) The Commission shall be constituted by each participating Government appointing a 
chairman and three members; of these two shall be engineers. The chairman and the three 
members shall ordinarily hold office for a period of three years. 

(ii) Each participating Government may also appoint such experts and advisers as it desires. 

Article 3 

The Chairmanship of the Commission shall be held annually in turn by Bangladesh and 
India. 



Article 4 

(i) The Commission shall have the following functions, in particular: 

(a) to maintain liaison between the participating countries in order to ensure the most 
effective joint efforts in maximising the benefits from common river systems to both the 
countries, 

(b) to formulate flood control works and to recommend implementation of joint projects, 

(c) to formulate detailed proposals on advance flood warnings, flood forecasting and 
cyclone warnings. 
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(d) to study flood control and irrigation projects so that the water resources of the region 
can be utilized on an equitable basis for the mutual benefit of the peoples of the two 
countries, and 

(e) to formulate proposals for carrying out coordinated research on problem of flood 
control affecting both the countries. 

(ii) The Commission shall also perform such other functions as the two Governments may, 
by mutual agreement, direct it to do. 



CHAPTERm 

Supporting Staff and Secretariat Assistance 
Article 5 

Each Government will provide appropriate supporting staff and Secretariat assistance to its 
representatives in the Commission to enable them to discharge their functions in an 
effective manner. 



CHAPTERIV 

Sessions 

Article 6 

(i) Subject to the provisions of this Statute, the Commission shall adopt its own rules of 
procedure. 

(ii) Meetings may generally take place alternately in the two countries, subject to the 
convenience of the two Governments. 

(iii) Special meetings of Working Groups or Ad-Hoc Expert Groups duly nominated by the 
respective Governments may be arranged, as required, by the mutual consultation of the 
Members. 



CHAPTERV 

Rules of Procedure 

(iv) The ordinary sessions of the Commission shall be held as often as necessary, generally 
four times a year. In addition special meetings may be convened any time at the request of 
either Government. 



Article 7 

All meetings shall be closed meetings unless the Commission desires otherwise. 
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CHAPTER VI 

General Provisions 

Article 8 

The Commission shall submit confirmed minutes of all meetings to the two Governments. 
The Commission shall also submit its annual report by the 3 1 st January, next year. 

Article 9 

Decisions of the Commission shall be unanimous. If any differences arise in the 
interpretation of this Statute, they shall be referred to the two Governments to be dealt with 
on a bilateral basis in a spirit of mutual respect and understanding. 
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THE 1977 GANGES WATER SHAREVGAGREEMENT 

THE GOVERNMENT OF THE PEOPLE’S REPUBLIC OF BANGLADESH AND THE 
GOVERNMENT OF THE REPUBLIC OF INDIA, 

DETERMINED to promote and strengthen their relations of friendship and good 
neighbourliness, 

INSPIRED by the common desire of promoting the well-being of their peoples, 

BEING desirous of sharing by mutual agreement the waters of the international rivers 
flowing through the territories of the two countries and of making the optimum utilization of 
the water resources of their region by joint efforts, 

RECOGNISING that the need of making an interim arrangement for sharing of the Ganges 
Waters at Farakka in a spirit of mutual accommodation and the need for a solution of the 
long-term problem of augmenting the flows of the Ganges are in the mutual interests of the 
peoples of the two countries, 

BEING desirous of finding a fair solution of the question before them, without affecting the 
rights and entitlements of either country other than those covered by this Agreement, or 
establishing any general principles of law or precedent, 

HAVE AGREED AS FOLLOWS: 

A. Arrangements for sharing of the waters of the Ganges at Farakka 

ARUCLEI 

The quantum of waters agreed to be released by India to Bangladesh will be at Farakka. 

ARTICLER 

(i) The sharing between Bangladesh and India of the Ganges waters at Farakka 
from the 1 st January to the 3 1 st May every year will be with reference to the 
quantum shown in column 2 of the Schedule annexed hereto with is based on 
75% availability calculated from the recorded flows of the Ganges at Farakka 
from 1948 to 1973. 

(ii) India shall release to Bangladesh waters by ten day periods in quantum 
shown in column 4 of the Schedule: 



Provided that if the actual availability at Farakka of the Ganges waters during a ten day 
period is higher or lower than the quantum shown in column 2 of the Schedule it shall be 
shared in proportion applicable to the period; 
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Provided further that if during a particular ten day period, the Ganges flows at Farakka come 
down to such a level that the share of Bangladesh is lower than 80% of the value shown in 
column 4, the release of waters to Bangladesh during that ten day period shall not fall below 
80% of the value shown in column 4. 



ARUCLEffl 

The waters released to Bangladesh at Farakka under Article I shall not be reduced below 
Farakka except for reasonable uses of waters, not exceeding 200 cusecs, by India between 
Farakka and the point on the Ganges where both its banks are in Bangladesh. 

ARTICLE IV 

A committee consisting of the representatives nominated by the two Governments 
(hereinafter called the Joint Committee) shall be constituted. The Joint Committee shall set 
up suitable teams at Farakka and Hardinge Bridge to observe and record at Farakka the 
daily flows below Farakka Barrage and in the Feeder Canal, as well as at Hardinge Bridge. 

ARUCLEV 

The Joint Committee shall decide its own procedure and method of functioning. 

ARTICLE VI 

The Joint Committee shall submit to the two Governments all data collected by it and shall 
also submit a yearly report to both the Governments. 

ARTICLE Vn 

The Joint Committee shall be responsible for implementing the arrangements contained in 
this part of the Agreement and examining any difficulty arising out of the implementation of 
the above arrangements and of the operation of Farakka Barrage. Any difference or dispute 
arising in this regard, if not resolved by the Joint Committee, shall be referred to a panel of 
an equal number of Bangladeshi and Indian experts nominated by the two Governments. If 
the difference or dispute still remains unresolved, it shall be referred to the two 
Governments, which shall meet urgently at the appropriate level to resolve it by mutual 
discussion and failing that by such other arrangements as they may mutually agree upon. 

B. Long-Term Arrangements 



ARTICLE Vffl 

The two Governments recognize the need to cooperate with each other in finding a solution 
to the long-term problem of augmenting the flows of the Ganges during the dry season. 
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ARTICLE IX 

The Indo-Bangladesh Joint Rivers Commission established by the two Governments in 
1 972 shall carry out investigation and study of schemes relating to the augmentation of the 
dry season flows of the Ganges, proposed or to be proposed by either Government with a 
view to finding a solution which is economical and feasible. It shall submit its 
recommendations to two Governments within a period of three years. 

ARUCLEX 

The two Governments shall consider and agree upon a schedule or schemes, taking into 
account the recommendations of the Joint Rivers Commission, and take necessary 
measures to implement it or them as speedily as possible. 

ARTICLEXI 

Any difficulty, difference or dispute arising from or with regard this part of the Agreement, 
if not resolved by the Joint Rivers Commission, shall be referred to the two Governments 
which shall meet urgently at the appropriate level to resolve it by mutual discussion. 

C. Review and Duration 



ARUCLEXn 

The provisions of this Agreement will be implemented by both parties in good faith. During 
the period for which the Agreement continues to be in force in accordance with Article XV 
of the Agreement, the quantum of waters agreed to be released to Bangladesh at Farakka in 
accordance with this Agreement shall not be reduced. 

ARTlCLEXin 

The Agreement will be reviewed by the two Governments at the expiry of three years from 
the date of coming into force of this Agreement. Further reviews shall take place six months 
before the expiry of this Agreement or as may be agreed upon between the two 
Governments. 



ARTICLE XIV 

The review or reviews referred to in Article XIII shall entail consideration of the working, 
impact, implementation and progress of the arrangements contained in parts A and B of 
this Agreement. 



ARTICLE XV 

This Agreement shall enter into force upon signature and shall remain in force for a period 
of 5 years from the date of its coming into force. It may be extended further for a specified 
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period by mutual agreement in the light of the review or reviews referred to in Article XIII. 

IN WITNESS WHEREOF the undersigned, being duly authorized thereto by the respective 
Governments, have signed this Agreement. 

Done in duplicate at Dacca on 5th November, 1 977 in Bengali, Hindi and English languages. 
In the event of any conflict between the texts the English text shall prevail. 



Signed/- 

Rear Admiral Musharraf Hussain Khan 
Chief of Naval Staff and Member, Presidents 
Council of Advisers incharge of the Ministry 
of Communications, Flood Control, 

Water Resources and Power, Government 
of the People’s Republic of Bangladesh. 

FORTHE GOVERNMENT OF THE 
PEOPLE’S REPUBLIC OF 
BANGLADESH 



Signed/- 

Surjit Singh Barnala 
Minister of Agriculture 
and Irrigation, Government 
of the Republic of India 



FORTHE GOVERNMENT 
OF THE REPUBLIC OF 
INDIA 
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SCHEDULE 
[Vide Article II(i)] 



Sharing of waters at Farakka between the 1 st January and the 3 1 st May every year. 



1 


2 


3 


4 


Period 


Flows reaching 


Withdrawal by 


Release to 




Farakka (based on 
75 % availability 
from observed data 
(1948-1973) 


India at Farakka 


Bangladesh 




Cusecs 


Cusecs 


Cusecs 


January 1-10 


98,500 


40,000 


58,500 


11-20 


89,750 


38,500 


51,250 


21-31 


82,500 


35,000 


47,500 


February 1-10 


79,250 


33,000 


46,250 


11-20 


74,000 


31,500 


42,500 


21-28/29 


70,000 


30,750 


39,250 


Marchl 1-10 


65,250 


26,750 


38,500 


11-20 


63,500 


25,500 


38,000 


21-31 


61,000 


25,000 


36,000 


Aprill 1-10 


59,000 


24,000 


35,000 


11-20 


55,500 


20,750 


34,750 


21-30 


55,000 


20,500 


34,500 


May 1-10 


56,500 


21,500 


35,000 


11-20 


59,250 


24,000 


35,250 


21-31 


65,500 


26,750 


38,750 
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Side Letter to the Agreement: 1 



5th November, 1977 



Excellency, 

In the course of the discussions which have taken place between us in connection with the 
conclusion of the Agreement between Bangladesh and India on the sharing of the Ganges 
Waters at Farakka and on Augmenting its Flows, the two Governments has reached an 
understanding to the effect that the words “proposed or to be proposed by either 
Government”, occurring in Article IX in part B of the Agreement, relate to any schemes 
which may have been proposed or may be proposed by Bangladesh or India and do not 
exclude any scheme or schemes for building storages in the upper reaches of the Ganges in 
Nepal. The two Governments have also agreed to take such further steps as may be 
necessary for the investigation and study of any scheme or schemes. 

The two Governments have further agreed that the proposals designed to find a solution of 
the long-term problem, as mentioned in Article IX, shall be treated on an equal footing and 
accorded equal priority. 

I shall be grateful if you will kindly confirm that the above sets out correctly the 
understanding reached between our two Governments. Upon receiving your reply 
confirming this understanding. Article IX of the Agreement shall be interpreted and 
applied along with the understanding embodied in this letter. 



Yours sincerely. 



M.H.KHAN 
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Side Letter to the Agreement: 2 



5th November, 1977 



Excellency, 

I have today received your letter of 5* November, 1977 which reads as follows: 

“In the course of the discussions which have taken place between us in connection with 
the conclusion of Agreement between Bangladesh and India on the Sharing of the Ganges 
Waters at Farakka and on Augmenting its Flows, the two Governments have reached an 
understanding to the effect that the words “proposed or to be proposed by either 
Govemmenf ’, occurring in Article IX in part B of Agreement, relate to any schemes which 
may have been proposed or may be proposed by Bangladesh or India and do not exclude 
any scheme or schemes for building storages in the upper reaches of the Ganges in Nepal. 
The two Governments have also agreed to take such further steps as may be necessary for 
the investigation and study of any schemes. 

The two Governments have further agreed that all the proposals designed to find a solution 
of the long-terms problem, as mentioned in Article IX, shall be treated on an equal footing 
and accorded equal priority. 

On behalf of the Government of India I hereby confirm the understanding embodied in your 
afore-mentioned letter and agree that Article IX of the Agreement referred to in your letter 
shall be interpreted and applied along with the understanding embodied in the letters 
exchanged between us. 



Yours sincerely. 



S.S.BARNALA 
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INIX>BANGIADESHMEMORANDlJMOFlJNDERST^^ 

NEW DELHI, October, 1982 

During the visit of His Excellency Lieutenant General H.M.Ershad, ndc,psc. President of 
the Council of Ministers, Government of the People’s Republic of Bangladesh and his 
meetings with her Excellency Mrs. Indira Gandi, Prime Minister of the Republic of India, the 
two leaders discussed the actual experience by the two sides of the working of the 1977 
Farakka Agreement, which would be coming to its end on the 4th of November, 1982. They 
agreed that it had not proved suitable for finding a satisfactory and durable solution and 
that with its termination fresh efforts were necessary to arrive at such a solution. 

The two leaders recognised that the basic problem of inadequate flow of waters in the 
Ganga/Ganges available at Farakka imposed sacrifices on both countries and that it was 
necessary to arrive at an equitable sharing of the waters available at Farakka. They further 
agreed that the long term solution lay in augmenting the flow available at Farakka and to 
this end directed their experts concerned to expedite studies of the economic and technical 
feasibility of the schemes which had been proposed by either side in order to settle upon 
the optimum solution for urgent implementation. It was decided that the Joint Rivers 
Commission would complete the pre-feasibility study and decide upon the optimum 
solution within 1 8 months of the signing of this Memorandum, at the end of which the two 
Governments would immediately implement the augmentation proposal agreed upon by 
the Joint Rivers Commission. Meanwhile, the two leaders agreed that the releases for 
sharing the flow available at Farakka for the next two dry seasons, and the joint inspection 
and monitoring arrangements for this purpose, would be as in Annexure-A. It was further 
agreed that in the case of exceptionally low flows during either of the next two dry seasons, 
the two governments would hold immediate consultations and decide how to minimize the 
burden to either country. 

It was also agreed that a further and final sharing agreement would be reached immediately 
after the completion of the pre-feasibility study of augmentation, in the light of the decision 
on the optimum solution for augmentation that would be implemented following the 
pre-feasibility study. 

Signed in New Delhi on the Seventh day of October, Nineteen hundred and eighty two, in 
two originals, in English, each of which is equally authentic. 

For and on behalf For and on behalf of the 

of the Government of Government of the People’s 

Republic of India Republic of Bangladesh 



P. V.Narashimha Rao 
Minister of External Affairs 



A.RShamsus Doha 
Minister for Foreign Affairs 
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ANNEXURE-A 



Sharing of waters at Farakka between the 1 st January and the 3 1 st May 



1 


2 


3 


4 


Period 


Flows reaching 


Withdrawal by 


Release to 




Farakka (based on 
75% availability 
from observed data 
(1948-1973) 


India at Farakka 


Bangladesh 




Cusecs 


Cusecs 


Cusecs 


January 1-10 


98,500 


40,000 


58,500 


11-20 


89,750 


38,000 


51,750 


21-31 


82,500 


35,500 


47,000 


February 1-10 


79,250 


33,000 


46,250 


11-20 


74,000 


31,250 


42,750 


21-28/29 


70,000 


31,000 


39,000 


Marchl 1-10 


65,250 


26,500 


38,750 


11-20 


63,500 


25,500 


38,000 


21-31 


61,000 


25,250 


35,750 


Aprill 1-10 


59,000 


24,000 


35,000 


11-20 


55,500 


20,750 


34,750 


21-30 


55,000 


20,500 


34,500 


May 1-10 


56,500 


21,500 


35,000 


11-20 


59,250 


24,250 


35,000 


21-31 


65,500 


26,500 


39,000 



1. If the actual availability of waters at Farakka during a ten day period is higher or 
lower than the quantum shown in Column 2 of the Schedule it shall be shared in the 
proportion applicable to that period. 

2. The Joint Inspection and Monitoring of the above sharing arrangement shall be the 
responsibility of a Joint Committee consisting of an equal number of representatives of 
each side. The Joint Committee shall be constituted immediately and shall establish teams 
to be stationed at Farakka and Hardinge Bridge. These teams shall record at Farakka the 
daily flows below Farakka Barrage and in the feeder canal and the flows passing daily at 
Hardinge Bridge. The Joint Committee which shall decide its own procedures and method 
of functioning shall submit the data collected by it and its teams and a yearly report to both 
Governments. 
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3. The Joint Committee shall be responsible for implementing the sharing 
arrangements. Any difficulty arising out of the implementation of the above sharing 
arrangements and of the operation of the Farakka Barrage shall be examined urgently by 
this Joint Committee and any differences or disputes, if not resolved by the Committee, 
shall be considered by a Panel of an equal number of representatives of the two 
Governments to whom the Joint Committee shall refer the difference or dispute. If the 
difference or dispute remains unresolved by the Panel, it shall be referred to the 
Governments for urgent discussion. 
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INDO-BANGLADESH MEMORANDUM OF UNDERSTANDING 1985 

NEW DELHI, AGRAHAYANAl, 1907 
NOVEMBER22, 1985 

In pursuance of the understanding reached between H.E.Lt. General H.M.Ershad, 
President of the People’s Republic of Bangladesh and H.E.Shri Rajiv Gandhi, Prime 
Minister of the Republic of India during their recent meeting at Nassau, the Bahamas, the 
irrigation Ministers of the two countries met at New Delhi from November 1 8th to 22nd, 
1985 to set out the Terms of Reference of a joint study to be undertaken by experts of the 
two sides of the available river water resources common to both countries, with a view to 
identifying alternatives for the sharing of the same to the mutual benefit, including a long 
term scheme/schemes for augmentation of the flows of the Ganga/Ganges at Farakka and to 
sign a Memorandum of Understanding for the sharing of the Ganga/Ganges waters at 
Farakka for a period of three years commencing from the dry season of 1986 on the same 
terms as the 1982 Memorandum of Understanding. 

1 . It has already been recognized that the basic problem of inadequate flows of water in the 
Ganga/Ganges available at Farakka during the dry season imposes sacrifices on both 
countries, and that the long-term solution lies in augmenting these flows. At the same time, 
the need to arrive at an equitable sharing of the water available at Farakka has also been 
recognised. 

2. Accordingly it is agreed to undertake a joint study with the following terms of reference: 

(i) The objective of the study will be (a) to work out a long-term scheme or 
schemes for the augmentation of the flows of the Ganga/Ganges at Farakka 
and (b) to identify alternatives for the sharing of the available river water 
resources common to both countries for mutual benefit. 

(ii) The study will be undertaken by a Joint Committee of Experts (JCE). The JCE 
will consist of the Secretarities concerned of the two Governments and the 
two Engineering Members of the Joint Rivers Commission from each side. 
The JCE will determine its own procedures and will take such other steps as 
may be necessary to ensure its competition within the time-frame of 12 months. 

(iii) The study will cover the following: 

(A) Sharing the available river water resources common to India and Bangladesh. 



(a) Ascertaining the available river water resources common to both 
countries based on the collection, collation and analysis of available 
relevant hydro-meteorological data in both countries. 
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(b) Study of alternatives for sharing the available river water resources to 
mutual benefit. 

(c) Identification of the locations of the points of sharing of the rivers, 
periods of sharing and schedule of sharing, where appropriate. 

(B) Augmentation of the dry season flows of the Ganga/Ganges at F arakka. 

Identification of scheme/schemes for the augmentation of the flows of the 
Ganga/Ganges at Farakka by the optimal utilization of the surface water 
resources of the region available to two countries. 

3. The study will start immediately and will be completed in 12 months from the data of the 
present Memorandum. There will be a review of the progress of the joint study at the 
Ministerial level at the end of six months from the date of the present Memorandum of 
Understanding. At the end of the 12 month period, a Summit Level meeting between the 
Leaders of the two countries will take place to take a decision on the scheme of 
augmentation of the flows of the Ganga/Ganges at Farakka and the long-term sharing of the 
rivers. 

4. It is also agreed that on an interim basis, the releases of the Ganga/Ganges waters 
available at Farakka for the next three dry seasons and the joint inspection and monitoring 
arrangements for this purpose will be as in Annexure- A. It is further agreed that in the case 
of exceptionally low flows during any of the next three dry seasons, the two Governments 
will hold immediate consultations and decide how to minimize the burden to either country. 

5. Signed at New Delhi on the twenty-second day of November, Nineteen hundred and 
eighty-five, in two originals in English, each of which is equally authentic. 



For and on behalf 
of the Government of 
Republic of India 

Sd/- 

(B.SHANKARANAND) 
Minister of Water Resources 



For and on behalf of the 
Government of the People’s 
Republic of Bangladesh 

Sd/- 

(ANISUL ISLAM MAHMUD) 
Minister for Irrigation, Water 
Development & Flood Control 
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ANNEXURE^-A 

SCHEDULE 



1 


2 


3 


4 


Period 


Flows reaching 


Withdrawal by 


Releases to 




Farakka (based on 
75% availability 
from observed data 
(1948-1973)) 


India at Farakka 


Bangladesh 




Cusecs 


Cusecs 


Cusecs 


January 1-10 


98,500 


40,000 


58,500 


11-20 


89,750 


38,000 


51,750 


21-31 


82,500 


35,500 


47,000 


February 1-10 


79,250 


33,000 


46,250 


11-20 


74,000 


31,250 


42,750 


21-28/29 


70,000 


31,000 


39,000 


Marchl 1-10 


65,250 


26,500 


38,750 


11-20 


63,500 


25,500 


38,000 


21-31 


61,000 


25,250 


35,750 


Aprill 1-10 


59,000 


24,000 


35,000 


11-20 


55,500 


20,750 


34,750 


21-30 


55,000 


20,500 


34,500 


May 1-10 


56,500 


21,500 


35,000 


11-20 


59,250 


24,250 


35,000 


21-31 


65,500 


26,500 


39,000 



1. If the actual availability of waters at Farakka during a ten day period is higher or 
lower than the quantum shown in Column 2 of the Schedule it shall be shared in the 
proportion applicable to that period. 

2. The Joint Inspection and Monitoring of the above sharing arrangement shall be the 
responsibility of a Joint Committee consisting of an equal number of representatives of 
each side. The Joint Committee shall be constituted immediately and shall establish teams 
to be stationed at Farakka and Hardinge Bridge. These teams shall record at Farakka the 
daily flows below Farakka Barrage and in the feeder canal and the flows passing daily at 
Hardinge Bridge. The Joint Committee which shall decide its own procedures and method 
of functioning shall submit the data collected by it and its teams and a yearly report to both 
Governments. 
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3. The Joint Committee shall be responsible for implementing the sharing 
arrangements. Any difficulty arising out of the implementation of the above sharing 
arrangements and of the operation of the Farakka Barrage shall be examined urgently by 
this Joint Committee and any differences or disputes, if not resolved by the Committee, 
shall be considered by a Panel of an equal number of representatives of the two 
Governments to whom the Joint Committee shall refer the difference or dispute. If the 
difference or dispute remains unresolved by the Panel, it shall be referred to the 
Governments for urgent discussion. 
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THE 1996GANGESWATERSHARINGTREATY 

TREATY BETWEEN THE GOVERNMENT OF THE REPUBLIC OF INDIA AND THE 
GOVERNMENT OF THE PEOPLE’ S REPUBLIC OF BANGLADESH ON SHARING OF THE 
GANGA/GANGES WATERS AT FARAKKA. 

Signed on December 12th, 1996. 

The Government of the Republic of India and the Government of the People’s Republic of 
Bangladesh, 

Determined to promote and strengthen their relations of friendship and good 
neighbourliness. 

Inspired by the common desire of promoting the well-being of their people. 

Being desirous of sharing by mutual agreement the waters of the international rivers 
flowing through the territories of the two countries and of making the optimum utilisation 
of the water resources of their region in the fields of flood management, irrigation, river 
basin development and generation of hydro-power for the mutual benefit of the peoples of 
the two countries. 

Recognizing that the need for making an arrangement for sharing of the Ganga/Ganges 
waters at Farakka in a spirit of mutual accommodation and the need for a solution to the 
long-term problem of augmenting the flows of the Ganga/Ganges are in the mutual interests 
of the peoples of the two countries. 

Being desirous of finding a fair and just solution without affecting the rights and 
entitlements of either country other than those covered by this Treaty, or establishing any 
general principles of law or precedent. 

Have agreed as Follows: 



Article -I 

The quantum of waters agreed to be released by India to Bangladesh will be at Farakka. 

Article -II 

i. The sharing between India and Bangladesh of the Ganga/Ganges waters at Farakka by 
ten day periods from the 1 st January to the 3 1 st May every year will be with reference to the 
formula at Annex I and an indicative schedule giving the implications of the sharing 
arrangement under Annex I is at Annex II. 

ii. The indicative schedule at Annex II, as referred to in sub para (i) above, is based on 
40 years (1949-1988) ten day period average availability of water at Farakka. Every effort 
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would be made by the upper riparian to protect flows of water at Farakka as in the 40-years 
average availability as mentioned above. 

iii. In the event flow at Farakka falls below 50,000 cusecs in any ten day period, the two 
governments will enter into immediate consultations to make adjustments on an emergency 
basis, in accordance with the principles of equity, fair play and no harm to either party. 

Article -III 

The waters released to Bangladesh at Farakka under Article -I shall not be reduced below 
Farakka, except for reasonable uses of waters, not exceeding 200 cusecs, by India between 
Farakka and the point on the Ganga/Ganges where both its banks are in Bangladesh. 

Article -IV 

A Committee consisting of representatives appointed by the two Governments in equal 
numbers (hereinafter called the Joint Committee) shall be constituted following the signing 
of the Treaty. The Joint Committee shall set up suitable teams at Farakka and Hardinge 
Bridge to observe and record at Farakka the daily flow below Farakka Barrage, in the Feeder 
canal, at the Navigation Lock, as well as at the Hardinge Bridge. 

Article -V 

The Joint Committee shall decide its own procedure and method of functioning. 

Article -VI 

The Joint Committee shall submit to the two Governments all data collected by it and shall 
also submit a yearly report to both the governments. Following submission of the reports 
the two Governments will meet at appropriate levels to decide upon such further actions as 
may be needed. 



Article -VII 

The Joint Committee shall be responsible for implementing the arrangements contained in 
this Treaty and examining any difficulty arising out of the implementation of the above 
arrangements and of the operation of the Farakka Barrage. Any difference or dispute 
arising in this regard, if not resolved by the Joint Committee, shall be referred to the 
Indo-Bangladesh Joint Rivers Commission. If the difference or dispute still remains 
unresolved, it shall be referred to the two governments which shall meet urgently at the 
appropriate level to resolve it by mutual discussion. 

Article -Vin 

The two Governments recognise the need to cooperate with each other in finding a 
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solution to the long-term problem of augmenting the flows of the Ganga/Ganges during the 
dry season. 



Article -IX 

Guided by the principles of equity, fairness and no harm to either party, both the 
Governments agree to conclude water sharing Treaties/Agreements with regard to other 
common rivers. 



Article -X 

The sharing arrangements under this Treaty shall be reviewed by the two Governments at 
five years interval or earlier, as required by either party and needed adjustments, based on 
principles of equity, fairness and no harm to either party made thereto, if necessary. It 
would be open to either party to seek the first review after two years to assess the impact 
and working of the sharing arrangements as contained in this Treaty. 

Article -XI 

For the period of this Treaty, in the absence of mutual agreement on adjustments following 
review as mentioned in Article X, India shall release downstream of Farakka Barrage, water 
at a rate not less than 90% (ninety percent) of Bangladesh’s share according to the formula 
referred to in Article II, until such time as mutually agreed flows are decided upon. 

Article -XII 

This Treaty shall enter into force upon signatures and shall remain in force for a period of 
thirty years and it shall be renewable on the basis of mutual consent. 

In witness whereof the undersigned, being duly authorised thereto by the respective 
Governments, have signed this Treaty. 

Done at New Delhi, 1 2th December, 1 996, in Hindi, Bangla and English languages. In the 
event of any conflict between the texts, the English text shall prevail. 

Signed: the Prime Minister of the Republic of India; the Prime Minister of the People’s 
Republic of Bangladesh. 

Annexure-I 



Availability at Farakka 


Share of India 


Share of Bangladesh 


70,000 cusecs or less 


50% 


50% 


70,000-75,000 cusecs 


Balance flow 


35,000 cusecs 


75,000 cusecs or more 


40,000 cusecs 


Balance flow 
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Subject to the condition that India and Bangladesh each shall receive guaranteed 
35,000 cusecs of water in alternative three ten day periods during the period March 1st to 
May 10th. 

Annexure-n 

(Indicative schedule giving the implications of the sharing arrangement under Annexure-I 
for the period 1st January to 3 1st May). Figures in cusecs. 



Period 


Average of Actual 
Flow (1949-1988) 


India’s Share 


Bangladesh’s 

Share 


January 


1-10 


107,516 


40,000 


67,516 


11-20 


97,673 


40,000 


57,673 


21-31 


90,154 


40,000 


50,154 


February 


1-10 


86,323 


40,000 


46,323 


11-20 


82,839 


40,000 


42,839 


21-28 


79,106 


40,000 


39,106 


March 


1-10 


74,419 


39,419 


35,000 


11-20 


68,931 


33,931 


35,000 


21-31 


63,688 


35,000 


29,688 


April 


1-10 


63,180 


28,180 


25,000 


11-20 


62,633 


35,000 


27,633 


21-30 


60,992 


25,992 


35,000 


May 


1-10 


67,251 


35,000 


32,351 


11-20 


73,590 


38,590 


35,000 


21-31 


81,834 


40,000 


41,854 
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TREATY-fflSMAJESTY’SGO\^RNMENTOFNEPALANDTHEGOVERNME]NTOF 

BNDIACONOeiCNINGimilVIFX^RATEDDEVELOPMENTOFl^ 

INCLUDING SARADABARRAGE, TANAKPUR BARRAGE AND PANCHESHWAR 
PROJECT (1996) 

His Majesty’s Government of NEPAL and the Government of INDIA (hereinafter 
referred to as the “parties”) 

Reaffirming the determination to promote and strengthen their relations of friendship 
and close neighbourliness for the co-operation in the development of water resources; 

Recognizing that the Mahakali River is a boundary river on major stretches between 
the two countries; 

Realizing the desirability to a treaty on the basis of equal partnership to define their 
obligations and corresponding rights and duties thereto in regard to the waters of the 
Mahakali River and its utilization; 

Noting the Exchange of Letters of 1920 through which both the Parties had entered 
into an arrangement for the construction of the Sarada Barrage in the Mahakali River, 
whereby Nepal is to receive some waters from the said Barrage; 

Recalling the decision taken in the Joint Commission dated 4th-5th December, 1991 
and the Joint Communique issued during the visit of the Prime Minister of India to Nepal on 
2 1 St October, 1 992 regarding the Tanakpur Barrage which India has constructed in a course 
of the Mahakali River with a part of the eastern afflux bund at Jimuwa and the adjoining 
poundage area of the said Barrage lying in the Nepalese territory; 

Noting that both the Parties are jointly preparing a Detailed Project Report of the 
Pancheshwar Multipurpose project to be implemented in the Mahakali River; 

Now, therefore, the Parties hereto hereby have agreed as follows: 

Article-1 

1. Nepal shall have right to a supply of 28.35mVs (1,000 cusecs) of water from the 
Sarada Barrage in the wet season (i.e. from 15th May to 15th October) and 4.25mVs 
(150 cusecs) in the dry season (i.e. from 16th October to 14th May). 

2. India shall maintain a flow of not less than lOmVs (350 cusecs) downstream of the 
Sarada Barrage in the Mahakali River to maintain and preserve the river eco-system. 

3. In case the Sarada Barrage becomes non- functional due to any cause: 

(a) Nepal shall have the right to a supply of water as mentioned in paragraph 1 of this 
Article, by using the head regulator(s) mentioned in paragraph 2 of Article 2 herein. Such a 
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supply of water shall be in addition to the water to be supplied to Nepal pursuant to 
paragraph 2 of Article 2. 

(b) India shall maintain the river flow pursuant to paragraph 2 of this Article from the 
tailrace of the Tanakpur Power Station downstream of the Sarada Barrage. 

Article-2 

In continuation of the decisions taken in the Joint Commission dated 4th-5th 
December 1991 and the Joint Communique issued during the visit of the Prime Minister of 
India to Nepal on 21st October, 1992, both the Parties agree as follows: 

1 . For the construction of the Eastern afflux bund of the Tanakpur Barrage at Jimuwa 
and tying it up to the high ground in the Nepalese territory at EL 250 M, Nepal gives its 
consent to use a piece of land of about 577 m in length (an area of about 2.9 hectares) of the 
Nepalese territory at the Jimuwa village in Mahendranagar Municipal area and a certain 
portion of the No-Man’s Land on either side of the border. The Nepalese land consented to 
be so used and the land lying on the west of the said land (about 9 hectares) up to the 
Nepal-India border which forms a part of the poundage area, including the natural 
resources endowment lying within that area, remains under the continued sovereignty and 
control of Nepal and Nepal is free to exercise all attendant rights thereto . 

2. In lieu of the Eastern afflux bund of the Tanakpur Barrage, at Jimuwa thus 
constructed, Nepal shall have the right to: 

(a) A supply of 28.35mVs (1 ,000 cusecs) of water in the wet season (i.e. from 1 5th May 
to 15* October) and 8. 50mVs (300 cusecs) in the dry season (i.e. from 16th October to 14th 
May) from the date of the entry into force of this treaty. For this purpose and for the 
purpose of Article 1 herein India shall construct the head regulators near the left under 
sluice of the Tanakpur Barrage and also the waterways of the repaired capacity up to the 
Nepal-India border. Such head regulators and waterways shall be operated jointly. 

(b) A supply of 70 millions kilowatt-hour (unit) of energy on a continuous basis 
annually, free of cost, from the date of the entry into force of this Treaty. For this purpose, 
India shall construct a 132 kv transmission line up to the Nepal-India border from the 
Tanakpur power station (which has at present, an installed capacity of 120,000 kilowatt 
generating 448.4 millions kilowatt-hour of energy annually on 90% dependable year flow). 

3. Following arrangements shall be made at the Tanakpur Barrage at time of 
development of any storage projects including Pancheshwar Multipurpose project 
upstream of the Tanakpur Barrage: 

(a) Additional head regulator and the necessary waterways, as required, up to the 
Nepal-India border shall be constructed to supply additional water to Nepal. Such head 
regulator and waterways shall be operated jointly. 
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(b) Nepal shall have additional energy equal to half of the incremental energy 
generated from the Tanakpur power Station, on a continuous basis from the date of 
augmentation of the flow of the Mahakali River and shall bear half of the additional 
operation cost and, if required, half of the additional capital cost at the Tanakpur Power 
Station for the generation of such incremental energy. 

Article-3 

Pancheshwar Multipurpose Project (hereinafter referred to as the “Project”) is to be 
constructed on a stretch of the Mahakali River where it forms the boundary between the 
two countries and hence both the parties agree that they have equal entitlement in the 
utilization of the waters of the Mahakali River without prejudice to their respective existing 
consumptive uses of the waters of the Mahakali River. Therefore, both the parties agree to 
implement the project in the Mahakali River in accordance with the Detailed Project Report 
(DPR) being jointly prepared by them. The project shall be designed and implemented on 
the basis of the following principles; 

1. The Project shall, as would be agreed between the parties, be designed to produce 
the maximum total net benefits. All benefits accruing to both the parties with the 
development of the project in the forms of power, irrigation, flood control etc., shall be 
assessed. 

2. The Project shall be implemented or caused to be implemented as an integrated 
project including power stations of equal capacity on each side of the Mahakali River. The 
two power stations shall be operated in an integrated manner and the total energy 
generated shall be shared equally between the parities. 

3. The cost of the project shall be borne by the parties in proportion to the benefits 
accruing to them. Both the parties shall jointly endeavour to mobilize the finance required 
for the implementation of the project. 

4. A portion of Nepal’s Share of energy shall be sold to India. The quantum of such 
energy and its price shall be mutually agreed upon between the parties. 

Article-4 

India shall supply 10 mVs (350 cusecs) of water for the irrigation of Dodhara Chandani 
area of Nepalese Territory. The technical and other details will be mutually worked out. 

Article-5 

1 . Water requirements of Nepal shall be given prime consideration in the utilization of 
the waters of the Mahakali River. 

2. Both the parties shall be entitled to draw their share of waters of the Mahakali River 
from the Tanakpur Barrage and/or other mutually agreed points as provided for in this 
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treaty and any subsequent agreement between the parties. 

Article-6 

Any project, other than those mentioned herein, to be developed in the Mahakali 
River, where it is a boundary river, shall be designed and implemented by an agreement 
between the parties on the principles established by this Treaty. 

Article-7 

In order to maintain the flow and level of the waters of the Mahakali River, each party 
undertakes not to use or obstruct or divert the waters of the Mahakali River adversely 
affecting its natural flow and level except by an agreement between the parties provided, 
however, this shall not preclude the use of the waters of the Mahakali river by the local 
communities living along both sides of the Mahakali River, not exceeding 5% of the 
average annual flow at Pancheshwar. 



Article-8 

This Treaty shall not preclude planning, survey, development and operation of any 
work on the tributaries of the Mahakali River, to be carried out independently by each party 
in its own territory without adversely affecting the provision of Article 7 of this Treaty. 

Article-9 

1. There shall be a Mahakali River Commission (hereinafter referred to as the 
“commission”). The Commission shall be guided by the principles of equality, mutual 
benefit and no harm to either party. 

2. The Commission shall be composed of equal number of representatives from both 
the parties. 

3. The functions of the Commission shall, inter alia, include the following: 

(a) To seek information on and if necessary, inspect all structures included in the 
Treaty and make recommendations to both the parties to take steps which shall be 
necessary to implement the provisions of this Treaty. 

(b) To make recommendations to both the parties for the conservation and utilization 
of the Mahakali River as envisaged and provided for in this Treaty. 

(c) To provide expert evaluation of projects and recommendations thereto. 

(d) To co-ordinate and monitor plans of actions arising out of the implementation of 
this Treaty, and 
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(e) To examine any differences arising between the parties concerning the 
interpretation and application of this Treaty. 

4. The expenses of the commission shall be borne equally by both the parties. 

5. As soon as the Commission has been constituted pursuant to paragraph 1 and 2 of 
this Article, it shall draft its rules of procedure which shall be submitted to both the parties 
for their concurrence. 

6. Both the parties shall reserve their rights to deal directly with each other on matters 
which may be in the competence of the commission. 

Article-10 

Both the parties may form project specific joint entity/ies for the development, 
execution and operation of new projects including Pancheshwar Multipurpose Project in 
the Mahakali River for their mutual benefit. 

Article-11 

1 . If the Commission fails under Article 9 of this Treaty to recommend its opinion after 
examining the differences of the parties within three (3) months of such reference to the 
Commission or either party disagrees with the recommendation of the commission, then a 
dispute shall be deemed to have been arisen which shall then be submitted to arbitration for 
decision in so doing either party shall give three(3) months prior notice to the other party. 

2. Arbitration shall be conducted by a tribunal composed of there arbitrators. One 
arbitrator shall be nominated by Nepal, one by India, with neither country to nominate its 
own national and the third arbitrator shall be appointed jointly, who, as a member of the 
tribunal, shall preside over such tribunal. In the event that the parties are unable to agree 
upon the third arbitrator within ninety (90) days after receipt of a proposal, either party may 
request the Secretary-General of the Permanent Court of Arbitration at the Hague to 
appoint such arbitrator who shall not be a national of either country. 

3. The procedures of the arbitration shall be determined by the arbitration tribunal and 
the decision of a majority of the arbitrators shall be the decision of the tribunal. The 
proceeding of the tribunal shall be conducted in English and the decision of such a tribunal 
shall be in writing both the parties shall accept the decision as final, definitive and binding. 

4. Provision for the venue of arbitration, the administrative support of the arbitration 
tribunal and the remuneration the expenses of its arbitrators shall be as agreed in an 
exchange of notes between the parties. Both the parties may also agree by such exchange 
of notes on alternative procedures for setting differences arising under this Treaty. 
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Article-12 

1 . Following the conclusion of this Treaty, the earlier understandings reached between 
the parties concerning the utilization of the waters of the Mahakali River from the Sarada 
Barrage and the Tanakpur Barrage, which have been incorporated herein, shall be deemed 
to have been replaced by this Treaty. 

2. This Treaty shall be subject to ratification and shall enter into force on the date of 
exchange of instruments of ratification. It shall remain valid for a period of seventy-five (75) 
years from the date of its entry into force. 

3 . This Treaty shall be reviewed by both the parties at ten (10) years interval or earlier 
as required by either party and make amendments thereto, if necessary. 

4. Agreements, as required, shall be entered into by the parties to give effect to the 
provisions of this Treaty. 

IN WITNESS WHEREOF the undersigned being duly authorized thereto by their 
respective governments have hereto signed this Treaty and affixed thereto their seals in 
two originals each in Hindi, Nepali and English languages, all the texts being equally 
authentic. In case of doubt, the English text shall prevail. 

Done at New Delhi, India on the twelfth day of February of the year one thousand nine 
hundred and ninety six. 

Sd Sd 

(R V. Narasimha Rao) (Sher Bahadur Deuba) 

Prime Minister Prime Minister 

Government of India. His Majesty’s Government of Nepal. 
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